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During the summer of 1860, 1 was surprised by find- 
ing how large a. number of insects were canght by the 
leaves of the common sun-dew (Droaera rotundifolia) on 
a heath in Sussex. I liad heard that insects were thus 
caught, but knew nothing further on the subject.* I 



* Ai Dr. Nitsclike has givcD 
(*Bm. Zeitung,' 18U0, p. 22H) the 
■Hbliography of DnMera, I need 
not hra« go into details. Hoot of 
the notioee publixhod before 1860 
ue brief and unimportant. The 
oldest paper Boema In have been 
oie of the moet valuable, nuluel)>, 
by Dr. Both, in 17«2. There U 
^0 an inttmsling though short 
Moount nf the habite of Diowra by 
Dr. Mi!d(^, in the 'fiot. Zoitung,' 
lM5a, p. ftli). In 1- 55, in the ' An- 
nnloa dec ric. nut. bnt.' torn. iii. pp. 
2117 and :iOI, MM. GnunlunJ and 
TrebalotRhpublulioil papers, with 
IHtiMi, on the atructurv of thu 



leaves: btit M, Trtcnl went lo 
fkr OH to doubt whether Ihey pou- 
•eseed any |iower of movemonl. 
Dr. NitBCiike's papers in the ■ But, 
Zeitung' for IStMl and 1H61 are 
by far the moBt Important onoa 
vijilch have been published, both 
on tho habits and ntructiire of 
this plant; and I shall frequently 
have oroBclon to quote from 
them. Uii disciueions on several 
points, for inslnncc on the tmns- 
miaaion of an t'X(<itfmeut tzota oiio 
purt of thiT lisif to another, lira 
exwlleiit. On IK'c. II. 18GS, Mr. 
J. Soott read a jNipor l-efort .".. 
ISotaiiiml I^itly of Kdinburgh, 

E. W. SAWTCB 
laS Norih IiiB* Sl»*l 
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gathered by chance a dozen plants, bearing fifty-six 
fully expanded leaves, and on thirty-one of these dead 
iiisecta or rejnnanta of them adhered ; and, no doubt, 
many more would have been caught afterwards by these 
Bame leaTes, and still more by those as yet not ex- 
panded. On one plant all six leaves had caught their 
prey ; -and on several plants very many leaves had 
caught more than a single insect. On one large leaf 
I found the remains of thiiteen distinct insects. 
Flies (Diptera) are captured much oftener than other 
msocts. The largest kind which I have seen caught 
was a small butterfly (Camonympha pamphilus) ; but 
the Rev. H. M. Wilkinson informs me that he found a 
large living dragon-fly with its body firmly held by 
two leaves. As this plant is extremely common in 
some districts, the number of insects thus annually 
slaughtered must be prodigious. Slany plants cause 
the death of insects, for instance the sticky buds of 
the horse-chestnut {Msailua hippocastanum), without 
thereby receiving, as for as we can perceive, any ad- 
vantage; but it was soon evident that Drosera was 



vhiob WM published in the Qar- 
dcner'a Cbrnnicif,' 1863, p. 30. 
Mr.Boott«bo*a that gentle irrita- 
tlnn of tbe baira, as well aa insccU 
plaioed on the (Use of the leaf, 
rauw the hain to beml iu- 
warUs. Mr. A. W. Bennett also 
gnve snothci interesting oocount 
□( the movements of tbn leaToa 
bi-fore tbe Brltisb ABSociuliuu for 
1873. In thia same jeiir Dr. 
Wanning publishul uu eiiBay, in 
wliich he de«oril)08 tbo itnictiini 
of the so-called hairs, entitlul, 
"Bar la Difference eiilre Icfl Tri- 
chomea," Ac, extrocted Tram the 
proceediiii^ of thn Soc d'Hist. 
Nat. de (Jopunhague. I ehall nlan 
have occiuion hureafter to refer 



to a paper by Mrs. Treat, of New 

Jersey, on BOmo American aporiiw 
uf DroBent. Dr. Burdon Bander- 
son delivered a lecture on Dionisa, 
before the Roynl Inatltution 'pub- 
lished in 'Nature,' June 14, IS74), 
in vrhicb a short account of nij 
obaervaWonB on the power of true 
digeetion poBscased by DtoBem 
and Diuniea firat appeared. Prof, 
Asa Omy has done good lortioe 
by calling attention to Dr(»iera, 
andto other plants having sirailiir 
habits, in ' The Nation ' (1874, pp. 
2i;Uutl 232), and in otber pnblica- 
tiouB. Dr. Hooker, tiao, in bit 
important addross on Camivoroua 
Pliinta<HHt.Aa»nc.,Beirast,1874), 
has given a biatory of Iho subject 
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Qui-. L HTBUCTUItE OF THE LEAVES. 3 

Bxcellently arlapted for the special jmijKJse uf catcli- 
ing ina(.i:ts, so that the subject seemed well worthy of 
investigation. 

The results have proved highly remarkable ; the 
mure important ones being — firstly, the extraordintiry 




sensitiveness of the glands to sliglit pressure and to 
minute doses of certain nitropenous fluids, as shown 
by the movements of the so-eallod hairs or tentacles 



* The diHwinj^ of DiriBcm auil eulBriK, b}' my mm Fnincis. Tbny 

Dtor.niB. given in Uiit work, warn hsve lievn oiccHenlly reprorfuc^f 

Diade lor me by my son Gcorgo nn wood by Mr. Coiipi' — 

]iiimin ; thi'Ki'or Al'1mYnnila.nnc] SIntid. 
tit thp Bcverj] epcci-i of VM- 
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Beoonflly, the power possessed by the leaves of render- 
ing soluble or digesting nitrogenous Biibfitances, and 
of iifterwtirtiB absorbing them ; thirdly, the changes ' 
which take place within the cells of the tentacles, when 
the gUnda are excited in various ways. 

It is necessary, in the first place, to describe briefly , 
the plant. It bears from two or three to five or i ' 
leaves, generally extended more or less horizontally, I 
bat sometimes standing vertically upwards. The shape 
and general appearance of a leaf is shown, as seeti 
from above, in fig. 1, and as seen laterally, in fig. 2. 
The leaves are commonly a little bniador than long. 




but this was not the case in the one here figured. < 
The whole upper surface is covered with gland-bearing 4 
filaments, or tentacles, as I shall call them, from their ] 
manner of acting. The glands were counted on thirty- 
one leaves, but many of tliese were of unusually large 
size, and the average number was 192; the greatest 
number being 260, and the least 130. The glands are 
each surrounded by large drops of extremely viscid 
secretion, which, glittering in the sun, have given rise 
to the plant's poetical name of the sun-dew. 

The tentAclcB on the central part, of tbo leaf or disc 
short nnd stand upright, nnd thtir pediecls are green. Townrda 
the mar^'io lUey become longer aod longer and more inclinen 
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outwards, with their pediccl§ of a purple itoloiir. Thoee on the 
extreme margin project in the same plane with the kaf. or more 
commonly (see fig. 2) ara conniiionihlj roflexiil, A few tentacles 
Hpring from the base of thu fnolittalk or petiole, aati thi.'so ara 
the longest of all, being soinetimeH nearly t of (in inch in length. 
On e. leaf bearing alt^^ther 252 tentacles, the short ones on 
the disc, having green pedicels, were in nnrolier to the lotit^r 
Bubmarginal and marginal tentacles, having pnrpic pediuela, at 
niue to sixteen. 

A tentacle conaistB of a thin, straight, hair-like pedicel, carry- 
ing a gland on the summit The pedioel is somewhat flattened, 
and is formed of euveral rows of elongated cells, filled with pnrpis 
fluid or gnmnlar matter.* There is, howcTcr, a narrow xone 
close beneath the glands of the longer tentatloB, and a broader 
Kone near their bases, of a green tint Spiral vessels, accom- 
panied by simple vaRcnlar tissue, branch off from the vasculnr 
bundles in the hiade of the leaf, and run up all the tentacles 
into the glands. 

Several eminent physioli^igts have discussed the homological 
[Utnro of these appendages or tentacles, tliat is, whether they 
ought to be considered as hairs (trichomes) or prolongations nl 
the leaf. Nitscldie has shown that they include all the elements 
proper to the blade of a leaf; and the fact of their including 
-rascular tissue was formerly thought to prove that they were 
prolongations of the leaf, but it is now known that vessela some- 
times enter true hnirs-t The power of movement which they 
possess is a strong argument against their tteing viewed as hairs. 
The coQcluHion whieh seems to mo the most proliable will be 
given in Chap. XV., namely that they eiistod primordially as 
glandular hairs, or mere epidermic formations, and that their 
npper part should still be so considered; but that their lower 



• Aoonrdmg to NilBChko (' Bot. 
Zeitiing,' 18t;i, p. 'J24) the purple 
Suit) reanlts froni the nietamar- 
phosia of chloropliyli. Mr. Borby 
examined the colonnog mutter 
with the BpMtroscope, and iii- 
fomu Djs that it cooaigtB of the 
eonunoneat siieoies of erylhro- 

ejrll, " which ia often met with in 
ve» with low vitality, and in 
parts, llbQ I he petiolts, which 
eairy on leaf-fuaattoni' in a very 
iniperreet mHuiiur. All that can 
ba mid, therafore, in that the bain 



(or teatoolea) are colaureil lik<^ 
parts oT a leaf which do not fulflt 
their proper offioo." 

t Di. NilscMie haa dieoDKBed 
this Bohjert in 'Bot. Zoiluug," 
IS6I, p. 1!41, &o. iiee aUo Dr. 
WannmKCSurlaDiUi'rKncceutru 
log Trijiomea,' Ac, l»T<i, vho 
gives refHTCiices tn vitrii'iis puitli- 
oationa. See also Qnsnland and 
Trroul, 'Annal. dea Sc. not. hot,' 
(-Ith serioBi, torn. iii. lUaS, pp, 
2a7 and 303. 
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port, whicli nione is capable of mOTeroont, i^iiGifitB of a prolon- 
gation of the le&(; the spiml vessels lieiDg extinded from this 
Ui the uppermost part. We Bhal! hereafter Fee that the ter- 
mitinl b-iiiacles of the diviiltd leaves of fioridula are still i 
BD int«rmediat« condition. 
The glands, with the exception of those borne lij the eitrems 1 
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marginal tentacles, are oval, and of nciirl^ nniforra si9», viz. 
about ^ of an inch in length. Their structure ib romarkahle. 
and their fttnctjons complex, for thej secrete, absorb, and are 
acted on by vnrious atimulants. They consiBt of an outer layer 
of smalt polygonal cells, containing purple grauular matter or 
fluid, and with the walls thicker than those of the pedicels. 
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Within this \ayev of uclls tliere is an iuner one of diiTeKntly 
■hapod ones, likewise liEltnl wit>i purple flniil, bill uf a elighlly 
different tint, and differently nffwled hy clilorido of gold. Theeo 
two layers are aoinetimes well timti when a g\and hu huuit 
oroBhctl or boiloil in caustic poUah. Ai^fordinj; to Dr. Wartuini;, 
tliere is Htill another layer of tniich more elongated cells, as 
eltown in the occom ponying auction (lig, 3j cDpiLil from Uis 
work; but these cells waru not soen by NiUclike, nor liy mo. 
In the centre there is a group of elongated, cylindrical cells of 
unequal lengths, bluntly pointed at their upper ends, truiicalcd 
or rounded at their lower ends, closely pressed together, and 
remarkable from being surrounded by a spiral line, which can bo 
separated aa a distinct fibre. 

These latter c«11b are titled with limpid fluid, which after long 
imroeraioD in alcohol deposits mnch brown matter, I presume 
that they are actually connected with the spiral T««sels which run 
up the tentacles, for on several occasions the latter were seen to 
divide iuto two or tlireo eicessively thin branches, which could 
be traced close up to the spiriforons cells. Their development 
boa been described by Dr. Wanning. Cells of the same kind 
huve been oliserred in other plants, as I hear from llr. Hooker, 
iind were seen by me in the margins of the leaves of Pingtiicnla. 
Whatever their function may be, they are not necessary for the 
secretion of the digestive fluid, or for absorption, or for the 
communication of a motor impulse to other parts of the leaf, 
us me may infer from the structure of the glands in some other 
genera of the DroseraceiD. 

The extreme marginal tentacles differ slightly from the others. 
Their bases are broader, and besides their own vessels, they 
receive a line branch from those which enter the tentaolea 
on each side. Their glands are much elongated, and lie cm- 
liedded on the upper surface of the pedicel, instead of standing 
at the apex. In other respects they do not differ essentially 
from the oval ones, and in one specimen I found every possible 
trnnsition between the two states. In another specimen there 
were no lou^-headed glands. These marginal tentacles lose 
their irritability earlier than the others ; and when a stimulus 
is applied to the centre of the leaf, they are excited into nctiou 
after the others. When cnt-off leaves aru immeraod in water, 
they alone often become inflected. 

The pnrple fluid or granular matter which Alls the cells oi 

thfl glands differs to a certain extent from that witliin the 

oells of the pedicels. For when a leaf is placed in hot water or in 

I certain acids, the glands become q.uite white and opaque, whaieaa 
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the aella of the pedicels are rendered of a bright red, with the 
cicepUoii of those close beneath the glnndti. These latter cells 
lose their pale red tint ; Rud the green inittter wliich they, oa 
well OS the basal cellH, contain, heeomes of a hrighter green. 
The potiuIeB beur many multicellular hairs, Eome of which 
near the blade are Burmoanted, according to Nitsehke, by a 
few rounded celle, which appear to be mdimenlary glanda. 
Both Burfac«8 of the leaf, tlie pedicels of the tentacles, espe- 
cially the lower sides of the outer ones, and the petioles, are 
studded with minute papillts (bnirs or tricliomee), having a 
conical basis, and bearing on their summitH two, and occasion' 
ally three or even four, rounded cells, containing much proto- 
plasm. These papillce are generally colourless, but eometimea 
include a Utile purple fluid. They vary in development, and 
graduate, as Nitschke * states, and as I repeatedly olteerred 
into the long multicellular hairs. Ihe latter, as well as the 
papillffi, ore probably rudiments of formerly existing tentacles. 

1 may here add, in order not to recur to the papillffi, that they 
do not secrete, but are easily permeated by various fluids: thos 
when living or dead leaves are immersed in a solution of one 
part of chloride of gold, or of nitrate of silver, to 437 of water, 
they are quickly blackened, and the discoloration soon spreads 
to the surrounding tissue. The long multicellular hairs are 
not BO quickly affected. After a leaf hod been left in a weak 
infusion of raw moat for 10 hours, the cells of the [Mpills had 
evidently abeorliod nniijial matter, for instead of limpid fluid 
they now contained Broall aggreguted nia-sRes of protoplasm, 
which slowly and incessantly changed their forms. A similar 
result followed from an immersion of only l.'j minutes in a 
solution of one part of carbonate of ammonia to 218 of wator, 
and the adjoining colls of the tentacles, on which the papiliie 
were seated, now likewise coctainod aggregated masses of proto- 
plasm. We may therefore conclude that when a leaf has closely 
clasped a captured insect in the maimer immediately fo he 
described, the pajnllss, which project from the upper surface 
oC the leaf and of the tentacles, probably absorb some of the 
animal matter dissulvisl in the secrution ; but this cannot he 
the case with the jtapilles on the hacks of the leaves oj 
pelioles. 

D papUIn, 
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Prdiininary Skelah of the Action of iiie several Parts, and 
of Oie Manner in trhich Inaecta are Captured. 

If a aniftU organic or inorganic object be placed on 
the gUnits m the centre of a leaf, these transmit a 
motwr impulse to the marginal tentacles. The netiror 
unes are tirst affected oikI slowly bend towards the 
centre, and then those farther off, until at lost all 
become cloaely inflected over the object. This takes 
place in from one hour to four or live or more hours. 
The difference in the time required depends on many 
nircumstances ; namely on the size of the object and 
on its nature, that is, whether it contains soluble 
matter of the proper kind ; on the vigour and age of 
the leaf; whether it has lately been in action; and, 
according to Nitschke,* on the temiterature of the 
day, as likewise seemed to me to be the case, A living 
insect is a more efficient object than a dead one, us 
in struggling it presses against the glands of many 
tentJiclea. An insect, such as a fly, with thin intt-gu- 
ments, through which animal matter in solution can 
readily pass into the surrounding dense secretion, is 
more eflicient in causing prolonged inflection than an 
insect with a thick coat, such as a beetle. The inflec- 
tion of the tentacles takes place indifferently in the 
light and darkness ; and the plant is not subject to 
any nocturnal movement of so-called sleep. 

If the glands on the disc are repeatedly touched or 
brushed, although no object is left on them, the 
marginal tentacles curve inwards. So again, if drops 
of various fluids, for instance of saliva or of a solu- 
tion of any salt of ammonia, are placed on the central 
glands, the same result quickly follows, sometimes in 
Doder half an hour. 
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The tentacles in tlie act of inflection sweep througli 
K wide space; thus a marginiU tentacle, extended in 
the same plane with the bkde, moves through an angle 
of 180° ; and I have seen tlie miu'h reflected tentacles 
of a leaf which atood upright move through an angle 
of not less than 270"". The bending part is almost 
flonfined to a short space near the base ; but a rather 
larger portion of the elongated exterior tentaolen 
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becomes slightly incur\'ed ; the distal half in all cases 
remaining straight. The short tentacles iii the centre 
of the disc when directly excited, do not Ijecome in- 
flected ; but they are capable of inflection if excited 
by a motor impulse received from other j^'lunds at a 
distance. Thus, if a leaf is ininierseil in an infusion 
of raw meat, or in a weak solution of ammonia (if the 
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solation is at all strong, the leaf is paralysed), all the 
exterior tentacles bend inwards (see fig. 4), excepting 
those near ike centre, which remain upright ; but tliesa 
bend towards any exciting object placed on one side 
of the disc, as shown in fig. 5. The glands in fig. 4 
may be seen to form a dark ring round the centre ; and 
this follows from the exterior tentacles increasing in 
length in due proportion, as they stand nearer to the 
circumference. 

The kind of inflection which the tentacles undergo 
is best sliown when the gland of one of the long exterior 
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tentacles is in any way excited; for the surrounding 
onee remain unaffected. In the accompanying outline 
(fig, 6) we see one tentacle, on which a particle of 
meat had been placed, thus bent towanls the centre of 
the leaf, with two otliers retiiining their original 
position. A gland may be excited by being siuijily 
touched three or foui' times, or by prolonged contact 
with organic or inorganic objects, and various fluids. I 
have distinctly seen, through a lens, a tentacle begiu* 
oing to beud in ten seconds, after an object had been 
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placed on ita gland ; ar.d I have often seen strongly 
pronounced inflection in under one minute. It ia sur- 
prising liow minute a particle of any Bubst-anco, sneii 
08 a bit of thread or hair or splinter of glass, if placed 
in actual contact with the surface of a gland, sufRcen 
to cause the tentacle to bend. If the object, which haa 
been carried by this movement lo the ctutre, bo not 
very small, or if it contains soluble nitrogenous matter, 
it acts on the central glands; and these transmit a 
motor impulse to the exterior tentacles, causing them 
to bend iuwai-ds. 

Not only the tentacles, but the blade of the leaf 
often, but by no means always, becomes much in- 
curved, when any strongly exciting substance or fluid 
is placed on the disc. Drops of milk and of a solution 
of nitrate of ammonia or soda are particularly apt to 
produce this effect. The blade is thus converted into 
a little cup. The manner in which it bends varies 
greatly. Sometimes the apex alone, sometimes one 
side, and sometimes both sides, become incurved. For 
instance, I placed bits of hard-boiled egg on three 
leaves ; one had the apex bent towards the base ; tha 
second had both distal margins much incurved, t 
that it became almost triangular in outline, and this 
perhaps is the commonest case ; whilst the third blade 
was not at all affected, though the tentacdes were aa 
closely inflected as in the two previous cases. The 
whole blade also generally rises or bends upwards, and 
thus forms a smaller angle with the footstalk than it 
did before. This appears at flrst sight a distinct 
kind of movement, but it results from the incurvation 
of that part of the -margin which ia attached to the 
footstivlk, cauBuig the bhide, as a whole, to curve or 
mitve upwards. 

The length of time f'.uring whiub tho fcntaclos oa 
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well «s the blade remain inflected over an objet^t platted 
on the disc, depends on various circnmatancea ; namt-ly 
on the vigonr and age of the leaf, and, according U) 
Dr. Nitschke, on the temperature, fiir during eold 
weiither when the leaves aro inat-tive, tbey re-expimd 
at an earlier period than when the weather ia warm. 
But the nature of the objeiit is by far the mosl 
important circumstance ; I have repeatedly found that 
the tentacles remain clasped for a tuueh longer avi-riige 
time over objects which yield soluble nitrogenous 
matter than over those, whether organic or inorganic, 
which yield no such matter. After a perio<l varying 
from one to seven days, the tentacles and blade re- 
expand, and are then ready to act again. I have seen 
the same leaf inflected three sncuessive times over 
insects placed on tlie disc ; and it would probably 
have acted a greater number of times. 

The secretion from the glands is extremely viscid, 
so that it can be drawn out into long threads. It 
appears colourless, but stains little balls of paper pale 
pink. An object of any kind placed on a gland always 
causes it, as I believe, to secrete more freely ; but 
the mere presence of the object renders this difticult 
to ascertain. In some eases, however, the elleet was 
strongly marked, as when particles of sugar were 
added ; but the result in this case is probably duo 
merely t« exosmose. Particles of carbonate and phos- 
phate of ammonia and of some other salts, for instance 
sulphate of ziuc, likewise increase the secretion. Im- 
mersion in a solution of one part of chloride of gold, 
or of some other salts to 437 of water escites the 
glands to largely ncreased secret n n the othir 
hand, tartrate t ant m ny produces no s 1 efi" ct. 
immersion in n uuv a Is ( f the strength of one jort 
to437of wate ) 1 k w s sia w nl uU t 
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gecretion, so that when the leaves are lifted out, lonfi 
ropes of extremely viacitl fluid hang from them. Some 
(u-Ails, on the other hand, do not tict in this manner. 
Increased secretion is not netressarily dependent on 
the inflection of the tentacle, for particles of sugar and 
of sulpliate of zinc cause no movement. 

It is a much more remarkable fact that when an 
object, such as a bit of meat or an insect, is placed on 
the disc of a leaf, as soon as the surrounding tentacles 
become considerably inflected, their glands pour forth 
an increased amount of Recretiou. I ascertained this 
by selecting leaves with equal-sized drops on the two 
sides, and by placing bits of meat on one side of the 
disc ; and as soon as the tentacles on this side became 
much inflected, but before the glands touched the meat, 
the drops of secretion became larger. This was re- 
peatedly observed, but a record nas kept of only 
thirteen cases, in nine of which increased secretion was 
plainly observed ; the four failures being due either to 
the leaves being rather torpid, or to the bits of meat 
being too small to cause much inflection. We must 
therefore conelude that the centra] glands, when 
strongly excited, transmit some influence to the glands 
of the circumferential tentacles, causing them to secrete 
more copiously. 

It is a still more important fact (as we sliall see 
more fully when we treat of the digestive power of 
the secretion) that when the tentacles become inflected, 
owing to the central glands having been stimulated 
mechanically, or by contact with animal matter, the 
secretion not only increases in quantity, but changes 
its nature and becomes acid; and this occurs before 
the glands have touched the object on the centre of 
the Ii'iif. This acid is of a different nature from thut 
(Mjntiiiue'i in the tissue of the leaves. As long as iho 
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tontacles remnia cloaoly ioflectPil, the glands continue 
to secrete, and the secretion is acid; ao that, if neu- 
tralised by carbonate of soda, it again becomes ni;id 
after a few hours. I have observed the same leaf with 
tlie tentacles closely uiflected over mthcr indigestible 
substances, snch as chemically prepared casein, jwur- 
ing forth acid secretion for eight successive days, and 
over bits of bone for ten successive days. 

The secretion seems to possess, like the gastric juice 
of the higher animals, some antiseptic power. I>uring 
very warm weather I placed close together two equal' 
sized bila of raw meat, one on a leaf of the Droscra, 
and the other surrounded by wet moss. They were 
thus left for 48 hrs,, and then examined. The bit on 
the moss swarmed with infusoria, and was so much 
decayed that the transverse strtie on the muscular 
fibres could no longer be clearly distinguished; 
whilst the bit on the leaf, which was bathed by the 
secretion, was free from infusoria, and its stria; were 
perfectly distinct in the central aud undissolved jwr- 
tiou. In like manner small cubes of albumen and 
cheese placed on wet moss became threaded with 
filaments of mould, and bad their surfaces slightly 
discoloured and disintegrated ; whilst those on the 
leaves of Drosera remained clean, the albumen being 
changed into transparent iluid. 

As soon as tentacles, which have remained closely 
inflected during several days over an object, begin to 
re-expand, their glands secrete less freely, or cease 
to secrete, and are left dry. In this state they are 
ci>vered with a film of whitish, semi-fibrous matter, 
which was hold in solution by the secretion. The 
drying of the glands during the act of re-expan- 
sion is of some little service to the plant ; for I have 
often observed that objects adhering to the leaves 
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.'«utd then bo blown away by a breatb of air ; the 
leave-s being thus left imeltciimbercfl and free for fulure 
action. Nevertheless, it often happens that all the 
glands do not become conipi-'tely dry ; and in this 
case delicate objects, siit-h as fragile insects, are souio- 
tiniea torn by the re-expansion of the tentacles into 
fragments, which remain scattered all over the leaf. 
After the re-expansion is complete, the glands quickly 
begin to re-secrete, and as soon els fuii-sized dropa 
are formed, the tentacles are ready to elasp a new 
object. 

When an insect alights on the central disc, it is 
instantly entangled by the viscid secretion, and the 
surronnding tentJicles after a time begin to bend, and 
ultimately clasp it on all sides. Insects are generally 
killed, according to Dr. Kitachke, in about a quarter 
of an hour, owing to their trachese being closed by 
the secretion. If an insect, adheres to only a few of 
the glands of the exterior tentacles, these soon 
become inflected and carry tlieir prey to the tentacles 
next succeeding them inwards ; these then bend in- ' 
wards, and so onwards, until the insect is ultimately J 
carried by a curious sort of rolling movement to the \ 
centre of the le^f. Then, after an interval, the ten- ( 
tucies on all sides become inflected and bathe their j 
prey with their secretion, in the same manner as 
if the insect had first alighted on the central disc. It | 
is surprising how minute an insect suffices to cause 
this action : for instance, I have seen one of the 
smallest species of gnats (Culex), which had just 
settled with its excessively delicate feet on the 
glands of the outermost tentacles, and these wi 
already beginning to curve inwards, though not a ] 
single gland hud as yet touched the body of the 
insect. Had I nut interfered, this minute gnat would 
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assuretUy have been carried to the centre of tbo leaf 
and bcea securely clasped Oii all aides. We sliitU 
hereafter see what excessively small doses of certiiiri 
organic fluids and saline solutions cause strongly 
marked inflection. 

Whether insects alight on the leaves by mere 
chance, aa a resting-place, or are attracted by thu 
otloiii of the secretion, I know not. I sus]>ect fniiii 
the number of insects caught by the English species 
of Drosera, and from what 1 have observed with some 
exotic species kept in my greenhouse, that the (jdour 
is attractive. In this latter case the leaves may bo 
compared with a baited trap; in the former case with 
a trap laid in a run frequented by game, but without 
any bait. 

That the glands possess the power of absorption, is 
shown by their almost instantaneously becoming dark- 
coloured when given a minute quantity of carbonate of 
ammonia ; the change of colour being chiefly or exclu- 
sively due to the rupid aggregation of their contents. 
When certain other fluids are added, they become pale- 
coloured. Their power of absorption is, however, best 
shown by the widely different results which follow, 
from placing drops of various nitrogenous and non- 
nitrogenous fluids of the same density on the glands 
of the disc, or on a single marginal gland ; and like- 
wise by the very different lengths of time during which 
the tentacles remain inflected over objects, which yield 
or do not yield soluble nitrogenous matter. Tliis 
same conclusion might indeed have been inferred frum 
the structure and movements of the leaves, which are 
sn admirably adapted for capturing insects. 

The absorption of animal matter from captured 
insects explains how Drost-ni can flourish in extremely 
poor peaty soil, — in some cusi'S where nothing but 
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Bphagmim mosa grows, and moaaes depend altogether ] 
on the atmosphere fur their Dourisbuient. Although 1 
the leavea at a hasty glance do not appear green, owing 3 
to the purjde colour of the tentacles, yet the upper and J 
lower surfaces of the blodo, the pedicels of the central' J 
tentacles, and the petioles contain chlorophyll, so tha^ I 
no doubt, the plant obtains and assimilates carboaio I 
acid from the air. Nevertheless, considering thfl4 
nature of the soil where it grows, the supply of nitrogea I 
would be extremely limited, or quite deficient, unleasj 
the plant had the power of obtaining tbia importaoil 
element from captured insects. We can thus nnder-'l 
stand bow it is that the roots are so poorly developed. I 
These usually consist of only two or three slightly" 
divided branches, from lialf to one inch in length, J 
furnished with absorbent hairs. It appears, tberefors^J 
that the roots serve only to imbibe «'ater ; though, iio.4^ 
donbt, they would absorb nutritious matter if pr 
in the soil ; for as we shall hereafter see, they absor^fl 
^L a weak solution of carbonate of ammonia. A 

^1 of Drosera, with the edges of its leaves curled in-J 

^1 wards, go as to form a temporary stomach, with thai 

^H glands of the closely inflected tentacles pouring fort&S 

^H their acid secretion, which dissolves animal matter, I 

^H afterwards to be absorbed, may be said to feed like ai^-l 

^V animal. But, differently from an anima), it drinks by.l 

^M means of its roots ; and it must drink largely, so as to 1 

^B retain many drops of viscid fluid round the glands, 1 

^M sometimes as manv as 260, exposed during the whole 
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luSMtion of the oxkrior tenUclea oning to the glunda of the dim 
being eicitvd by ri-peuted tourhea, or by objeeU left In cwitoot 
with tbom — Dilferenoo in tlie actioo of bodieB yielding nnd uut 
yielding soluble nitrogenoua matter — Inflwlion of the exterior 
tentoolea directly caii»ed by abjecta left in cnntnct with their 
glands — Periods of commuDcitig induction and of eobeeqiicut re- 
eipanalon — l^xtrcnie minuteneu of the particlca cBiuinfr inflcctioD 
— Action under water — Inflection of Ihe exterior t^ntitciea *tlien 
their glands lire excited by repeated tnuchefl — F&Uing dnipa of 
water do not esuae intleiltlon. 

I WILL give in tliis and the following chapters some of 
the many experiments made, which boat illuHtiate the 
maotiei and rate of movement of the tentacles, when 
excited in various ways. The glands alone in all 
ordinary cases are susceptible to excitement. When 
excited, they do not themselves move or change form, 
but transmit a motor impulse to the bending part of 
their own and adjoining tentacles, and are thus carried 
towards the centre of the leaf. Strictly Bpeaking, the 
glands ought to be called irritable, as the term sensi- 
tive generally implies consciousness; but no one sup- 
poses that the Sensitive-plant is conecioua, and as I 
have found the term convenient, I shall use it without 
scruple. I will commence with tlie movements of the 
exterior tentacles, when indirectly excited by stimulants 
applied to the glands of the short tentacles on the disc. 
The exterior tentaeles may be said in this case to be 
indirectly excited, because their own glands are not 
directly acted on. The stimulus proceeding from the 
glands of the disc acts on the bending part of the 



i 



I 

I 



20 DIIOSEItA ItOTUNnlPOLIA. ClUP. U. 

exterior teiita^^lee, near their biiEes, and does not (aa 
will huroiifter be proved) first travel up the pedicels to 
the glands, to be tiien reflected back to the bending 
place. Nevertheless, aime iufluen«!e does travel up to 
the glands, causing them to secrete more copiously, 
and the secretion to become acid. This latter faet 
is, I believe, quite new in the physiology of plants; 
it has indeed only recently been established that in 
the animal kingtloin an influence can be transmitted 
along the nerves to glands, modifying their power of 
secretion, independently of the state of the blood- 



The Injlection of the Exterior Teiitacleg from tJie Olanda 

of the Disc hting excited hy Repeated Touches, or bt/ 

Objects left in Contact mith litem. 

The eentml glands of a leaf were irritated with a 
small stiff camel-hair brush, and in 70 m. (minutes) 
several of the outer tentacles were inflected ; in 5 hrs. 
(liours) all the sul)-marginal tentacles were inflected ; 
next morning after an interval of about 22 hra. they were 
fully re-expanded. In all the following cases the period 
is reckoned from the time of first irritation. Another ■ 
leaf treated in the same manner liad a few tentacles 
inflected in 2U m. ; in 4 hrs. all the snbmarginal and | 
some of the extreme marginal tentacles, as well as the ' 
edge of the leaf itself, were inflected ; in 17 hrs. they 
had recovered their proper, expanded position. I then 
put a ileail fly in the centre of the last-mentioned leaf, 
and next morning it was closely clasped ; five days 
afterwards the leaf re-expanded, and the tentacles, 
with their glands surrounded by secretion, were ready 
to act again. 

Particles of meat, dead flies, bits of paper, wood, 
dried moss, sponge, cinders, glass, Ac, were repeatedly 




placed ou leaves, and these objects were well embraced 
in various periods from 1 hr. to as long as 24 hrs., and 
sot free again, with tho leaf fully re-expanded, iu from 
oue or two, to seven or even ten days, aceoiding to 
the nature of the object. On a leaf which had 
naturally caught two flics, and therefore had ulnuidy 
closed and reopened either once or more probably 
twice, I put a fresh fly : in 7 hrs. it was moderately, 
and in 2L hrs. thoroughly well, clasped, with the 
edges of the lenf inflected. In two days and a 
half the leaf had nearly re-expanded ; as the exciting 
object was an insect, this unusually short period of in- 
8ection was, no doubt, due to the leaf having recently 
been in action. Allowing this same leaf to rest for 
only a single day, I put on another fly, and it again 
closed, but now very slowly ; nevertheless, in less than 
two days it succeeded in thoroughly clasping the fly. 

When a small object is placed on tlie glands of the 
disc, on one side of a leaf, as near as possible to 
its circumference, the tentacles on this side are first 
affected, those on the opposite side much later, or, as 
often occurred, not at all. This was repeatedly proved 
by trials with bits of meat ; but I will here give only 
the case of a minute fly, naturally caught and still 
alive, which I found adhering by its delicate feet to 
the glands on the extreme left side of the central disc. 
Tho marginal tentacles on this side closed inwards 
and killed the fly, and after a time the edge of tho 
leaf on this side also became inflected, and thus 
remained for several days, whilst neither the tentacles 
nor the edge on tho opposite side were in the least 
affected. 

If young and active leaves are selected, inorganic 
particles not larger than the head of a small pin, 
placed on the central glands, sometimes cause the 
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outer tentacles to bend inwards. But tliia folli)W8 
much more surely and quickly, if the object contains 
nitrogenous matter which can be dissolved by tlie 
secretion. On one occasion I observed the follow- 
ing unusual circumstance. Small bits of raw meat 
(which acts more energetically than any other sub- 
stance), of paper, dried moss, and of the quill of a 
pen were placed on several leaves, and they were all 
embraced equally well in about 2 hrs. On other 
occasions the above-named substances, or more com- 
monly particles of glass, coal-cinder (taken fram the 
tire), stone, gold-loaf, dried grass, cork, blotting-paper, 
cotton-wool, and hair rolled up into little balls, were 
used, and these substaneesj though they were some- 
times well embraced, often caused no movement what- 
ever in the outer tentaeleSj or an extremely slight and 
slow movement. Yet these same leaves were proved to 
be in an active condition, as they were excited to move 
by substances yielding soluble nitrogenous matter, 
such as bita of raw or roast meat, the yolk or white of ' 
boiled eggs, fragments of insects of all orders, spiders, , 
&c. I will give only two instances. Minute flies were I 
placed on the discs of several leaves, and on others > 
balls of paper, bita of moss and quill of about the same I 
size as the flies, and the latter were well embraced 
in a few hours ; whereas after 25 hrs. only a very 
few tentjicles were inflected over the other objects. ■ 
The bits of paper, moss, and quill were then removed 
from these leaves, and bits of raw meat placed on them ; 
and now all the tentacles were soon energetically 
inflected. 

Again, particles of coal-cinder (weighing rather more 
than the flies used in the last experiment) were placed 
on the centres of three leaves : after an interval of 
19 his. one of the particles was tolerably well embraced ; 
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a secoini by a very few tentacles ; and a third by none. 
I then removed the jiarticles from the two latter leaves, 
and put on them recently killetl flies. These were 
fairly well embraced in TJ bra. and thoroughly after 
20i^hrs. ; the f^ntaeiea reiiiaining inflected for many 
subsequent days. On the other hand, the one leaf 
which had in the courae of 19 hrs. embraced tlie bit o( 
cinder moderately well, and to which no fly was given, 
after an additional 33 hrs. (i. e. in 52 hra. from the 
time when the cinder was put on) was completely 
re-expanded and ready to act again. 

From these and numerous other experiments not 
worth giving, it is certain that inorganic substances, 
or sQch organic substances as are not attacked by the 
secretion, act much less quickly and efficiently than 
organic substances yielding soluble matter which is 
absorbed. Moreover, I have met with very few excep- 
tions to the rule, and these exceptions apparently 
depended un the leaf having been too recently in 
action, that the tentacles remain clasped for a much 
longer time over organic bodies of the nature just 
specified than over those which are not acted on by 
the secretion, or over inorganic objects." 



' Owing to lliB extnoriUDiirj 
belief held b> M. ZioKler ('Comp- 
te« rendiiB.' May 1872, p. I22i, 
that nIbuiiiiiiouB stitntiiuccH, if 
held for n mnment bctwpen the 
fiaKen, aniuire the pmpcrtj of 
nuiking the toiituclea nf Drosum 
eontrMt. whereas, if nnt tbiM held. 
Ihej hivve no »neh poM-er, 1 triw) 
•ame experiments witli grmt cure, 
bnt the resulta did not ivinflmi 
tliiabeltsf. Red-bot ciiKk>r» nere 
taken out of the ftrc. mid hits 
of ^MM, c><tton-threud, hlntlini; 
piper •nd tJiiii kUmb nf onrk 






and portielea were then pUoed 
(uvery instrument with which 
they worn touched having boon 
preTioiwly immersed in boilinit 
water) on the glnndi of ftoveral 
loovGB, und they acted in exiictlj 
the Bane munDor aa other pur- 
tioles, which bad been purpiwely 
luLndlol for aome time. Bit« of 
a boiled egg, cut with a, knil'ti 
«bich hadbmn washed in boiling 
water, also acted lilc* any othe. 
animal substaneo. 1 breathed m 
Bome leaiea for aboi'e a mlnuto, 
and repesloil the act two or tbi 
tiroes, with my moutli oinae 
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The Inflection of the Etierior Tentaeles as directly caused 
hy Objects left in Contact witli their Glands. 
I made a vast number of trials by placing, by means 
of a fine needle moistened with diatilled water, and 
with the aid of a lens, particles of various substauces 
on the viscid secretion surrounding the glands of tha 
outer tentacles. I experimented on both the oval and 
long-headed glands. When a particle is thus placed 
on a single gland, the movement of the tentacle is 
particularly well seen in contrast with the stationary 
condition of the surrounding tentacles. (See previous ' 
fig. 6.) In four cases small particles of raw meat i 
caused the tentacles to be greatly inflected in between 
5 and 6 ni. Another tentacle similarly treated, 
and observed with special care, distinctly, though • 
slightly, changed its position in 10 s. (seconds) ; and 
this IB the quickest movement seen by me. In 2 m. 
30 s. it had moved through au angle of about 45". 
The movement as seen through a lens resembled that 
of the hand of a large clock. In 5 m. it had move(' 
through 90°, and when I looked again after 10 m, 
the particle Lad reached the centre of the leaf; so "J 
that the whole movement was completed in less ^ 



them, but this produced on cfl'uot. 
1 iniLy here odd, ue abowing that 
the le&ves are not noted oo b; the 
odour of nitrogtoOHB aubBtnacca, 
that pieoee of raw meat Btuilc on 
n(«itfoe wi're fixed at close oa 
possible, without aatual contact, 
to sereral leuvcn, but produce<l 
no effkct wliatevcr. On the otiier 
hand, OS ve siinll hereafter sec, 
tliu rapoura of rertiiiu Tolatlle 
BulwtanocB iind tlukiH, Bncli aa of 
eatbouflte of iimmoiiiii, cliloro- 
tiirm, ctrtnin o^M'ntlnl oilj, .tc, 



cauM inflection. M. Zi^glor ] 
mSikea etLtl more extrriorJinurj' j 
Btatementa with respect to the f 
power of animal substances, which i 
Iinve been left eloso to, but nr ' ' 
iviiitact with, sulphate of (jumiue. 1 
The action of salts of quinine will ' 
he dcsoribed in a future cliaptoi, 
BiQcc the appearance of the pape' 
above referred to, A[. Ziegler ha 
published n book on the sain 
subject, entitled, 'Atonioite* ut 1 
Zi>icite,' 187-i. 
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than 17 m. 30 8. In the conrso of some boiira this 
minute bit of meat, from having been broaght into 
contact with some uf the glands of the central disc, 
acted centrifiigally on the outer tentades, which all be- 
came closoly inflecteil. Fragments of flies «ero placed 
on the glands of four of the outer tenlaclea, ex- 
tended in the same plane with that of the blade, and 
three of these fragments were carried in 35 m. through 
an angle of 18U° to the centre. The fragment on 
the fourth tentacle was very minute, and it waa 
not carried to the centre until 3 hrs. had elapsed. In 
three other cases minute flies or portions of larger 
ones were carried to the centre in 1 hr, 30 a. In 
theae seven cases, the fragments or small flies, which 
had been carried by a single tentacle to the central 
glands, were well embraced by the other tentaclce 
after an interval of from 4 to 10 hrs. 

I also placed in the manner just described six small 
balls of writing-paper (rolled up by the aid of pincers, 
BO that they were not touched by my fingers) on the 
glands of six exterior tentacles on distinct leaves; 
three of these were carried to the centre in about 1 hr., 
and the other three in rather more than i hrs.; but 
after 24 hrs. only two of the six balls were well em- 
brsiced by the other tentacles. It is possible that 
the secretion may have dissolvefl a trace of glue or 
Animalised matter from the balls of paper. Four par- 
ticles of coal-cinder were then placed on the glands 
of four exterior tentacles; one of these reached 
tie centre in 3 hrs. 40 m. ; the second in 9 hrs. ; the 
third within 24 hrs,, but had moved only part of the 
way in 9 hrs. ; whilst the fourth moved only a very 
■hurt distance in 24 hrs., and never moved any farther. 
Of the above three bits of cinder which were ultimately 
carried to the centre, one alone was well embraced by 
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many of the other tentacles. Wd here see clearly that 
BUch bcrtlies as particles of cinder or little balls of 
paper, after being carried by the tentacles to the 
central glauda, act very differently from fragments of 
flies, in causing the movement of the surrounding 
tentacles. 

I made, without carefully recording the times of 
movement, many similar trials with other aubfttances, 
such as splinters of white and blue glass, particles of 
cork, minute bits of gold-leaf, &c. ; and the propor- 
tional nurabc^r of cases varied much in which the 
tentacles reached the centrCj or moved only slightly, 
or not at all. One evening, particles of glass and 
cork, rather larger than those usually employed, were 
placed on about a dozen glands, and next morning, 
after 13 hra., every single tentacle had carried ita little 
load to the centre ; but the unusually large size of the 
particles will account for this result. In another case 
^ of the particles of cinder, glass, and thread, placed 
on separate glands, were carried towards, or actually 
to, the centre ; in another case I, in another -f^ and 
in the last case only ^ were thus carried inwards, the 
small proportion being here due, at least in part, to the 
leaves being rather old and inactive. Occasionally a 
gland, with its light load, could be seen through a 
strong lens to move an extremely short distance and 
then stop ; this was especially apt to occur when ex- 
cessively minute particles, much less than those of 
which the measurements will be immediately given, 
(vere placed on glands ; so that we here have nearly 
the limit of any action. 

I waa so much surprised at the smallness of the par- 
ticles which caused the tentacles to become greaily 
inflected that it seemed worth while carefully to 
ascertain how miuute a particle would plainly act. 
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Accordingly measured lengtlis of a narrow atrip of 
blottiog paper, of liiie cot ton-thread, and of a woman's 
hair, were cjirefully weighed for uie by Mr. Trenbom 
Beeks, in an excellont balance, in tlie laboratory in 
JeiTnyn Street. Short bits of the piiper, thread, and 
bair were then cut off and measured by a inierometcr, 
BO that their weights could be easily caleulut«d. The 
bits were placed on the viscid secretion surrounding the 
glands of the exterior tentacles, with the precautions 
already stated, and I am certain that the gland itself 
was never touched ; nor indeed would a single touch 
have produced any effect. A bit of the blotting-paper, 
weighing ^^ of a grain, was placed so as to rest on 
three glands together, and all three tentacles slowly 
curved inwards; each gland, therefore, supposing the 
weight to be distributed equally, could have been 
pressed on by only ttW of a grain, or ■0464 of a milli- 
gramme. Five nearly equal bits of eotton-thread were 
tried, and all acted. The shortest of these was j'-g of 
an inch in length, and weighed i-rj-. of a grain. The 
tentacle in this case was considerably inflected in 
1 hr. 30 m., and the bit of thread was carried to the 
centre of the leaf iu 1 hr. 40 m. Again, two particles 
of the thinner end of a woman's hair, one of these 
being i - „ " ■ „ - of an inch in length, and weighing f^l -pr of 
a grain, the other rlhi °^ s" i°<'^i i° length, and weigh- 
ing of course a little more, were placed on two glands on 
opposite sides of the same leaf, and these two tentacles 
were inflected halfway towards the centre in 1 hr. 10 m. ; 
all the many other tentacles round the same leaf re- 
maining motionless. The apjiearance of tliis one leaf 
showed in an unequivocal manner that these minute 
particles aufliced to cause the tentacles to bend. Alto- 
gether, ten auch particles of hair were placed on ten 
glands on several leaves, and seven of them caused 
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the tentacles to muve in a conspicuous manner. The j 
Bmallest particle which waa tried, and which acted | 
plainly, was only -r^^^Er of an inch {-203 millimetre) 
length, and weighed the -^i-ni of a grain, or '000822 
milligramme. In these several cases, not only was the 
inflection of the tentaclea conspicuous, but the purple / 
fluid within their culls became aggregated into little I 
masses of protoplasm, in the manner to be described in 
the next chapter ; and the aggregation was so plain J 
that I could, by this clue alone, have readily picked i 
out under the microscope all the tentacles which had 1 
carried their light loads towards the centre, from the I 
hundreds of other tentacles on the same leaves which f 
had not thus ttcted. 

My surprise was greatly excited, not only by the 
minuteness of the particles which caused movement, 
but how they could possibly act on the glands ; for it 
must be remembered that they were laid with the 
greatest care on the convex surface of the secretion. 
At fij-st I thought — but, as I now know, erroneously — ■ | 
that particles of such low specific granty as those of J 
cork, thread, and paper, would never come into contact I 
with the surfaces of the glands. The particles cannot , 
act simply by their weight being added to that of the I 
secretion, foe small drops of water, many times heavier 
than the particles, were repeatedly adde<i, and never 
produced any effect. Nor does the disturbance of the | 
secretion produce any effect, for long threads ware i 
drawn out by a needle, and affixed to some adjoining 
object, and thus left for hours ; but the tentacles , 
remained motionless. 

I also carefully removed the secretion from four 
glands with a sharply pointed piece of blotting-paper, 
so that they were exposed for a time naked to the air, 
bat this caused no movement ; yet these glands wero 
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in un eflficient atate, for iifter 24 hre. Lad elapsed, tlioy 
were tried with bits of meat, iind till became quickly 
inflected. It then occurred to me thiit particlea float- 
ing on the secretion would cast shadows on the glands, 
which might be aenaitive to the inlerceptiou of the 
light. Although thLs seemed higlily improlmble, as 
minute and thin splinters of colourless glass acted 
powerfully, nevertheless, after it was dark, I put on, 
by the aid of a single tallow candle, as quickly as 
possible, particles of coik and glass on the glands of a 
dozen tentacles, as well as some of meat on other 
glands, and covered them up so that not a ray of light 
could enter ; but liy the next morning, after an interval 
of IShrs., all the particles were carried to the centres 
of the leaves. 

These negative residts led mo to try many more 
experiments, by placing particles on the surt'ace of the 
drops of secretion, observing, as carefully as I could, 
whether they penetrated it and touched the surface uf 
the glands. The secretion, from its weight, generally 
forms a thicker layer on the under than on the upper 
sides of the glands, whatever may be the p<:isition of 
the tentacles. Minute bits of dry cork, thread, blotting 
paper, and coal cimlers were tried, such as those pre- 
viously employeil ; and I now observed that they 
absorbed much more of the secretion, in the c*nirse of 
a few minutca, than I should hare thought possible ; and 
aa they liad been laid on the upper surface of the secre- 
tion, where it ia thinnest, they were often drawn down. 
aft£r a time, into contact with at least some one point 
of the gland. With respect t« the minute splinters 
of glass and particles of hair, I observed that the 
secretion slowly spread itself a little over their sur- 
faces, by which means they were likewise drawn down- 
wards or sideways, and thus one end, or some minute 
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prominence, often came to touch, sooner or later, the 
gland. 

In the foregoing and following cases, it is probable 
that the vibrations, to which the furniture in every 
room is continually liable, aids in bringing the par- 
ticles into contact with the glands. But as it waa 
sometimes difficult, owing to the refraction of the secre- 
tion, to feel sure whether the particles were in contact, 
I tried the following experiment. Unusually minute 
particles of glass, hair, and cork, were gently placed on 
the drops round several glands, and very few of the 
tentacles moved. Those which were not affected were 
left for about half an hour, and the particles wera 
then disturbed or tilted up several times with a fine 
needle under the microscope, the glands not being 
touched. And now in the course of a few minutes 
almost all the hitherto motionless tentacles began to 
move ; and this, no doubt, was caused by one end or 
some prominence of the particles having come into 
contact with the surface of the glands. Bnt as the 
particles were unusually minute, the movement was 
small. 

Lastly, some dark blue glass pounded into fine > 
splinters was used, in order that the points of the pa^ i 
tides might be better distinguished when immersed in 
the secretion ; and thirteen such particles were placed 
in contact with the depending and therefore thicker i 
part of the drops i-ound so many glands. Five of the I 
tentacles began moving after an interval of a few | 
minutes, and in these cases I clearly saw that the par- 
ticles touched the lower surface of the gland. A sixth 
tentacle moved after 1 hr. 45 m., and the i>article 
was now in contact with the gland, which was not the 
case at first. So it was with the seventh tentacle, but 
its movement did not begin until 3 hrs. 45 m. bad 
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el&pacd. The reiuaining six tentacles never moved 
OS long as they were observed ; and the particles 
apparently never came into contact with the surfaces 
of the glands. 

From these experiments we learn that particles not 
containing soluble matter, when placed on glands, often 
cause the tenta<:les to begin bending in the course of 
from one to live minutes ; and that in such eases the 
particles have been from the first in contact with the 
surfaces of the glands. When the tenfaelcs do not 
begin moving for a much longer time, namely, from 
half an hour to three or four hours, the particles 
have been slowly brought into contact with the 
glands, either by the secretion being absorbed by the 
particles or by its gradual spreading over them, to- 
gether with its consequent qiueker evaporation. 
When the tentacles do not move at all, the particles 
have never come into contact with the glands, or in 
some cases the tentacles may not have been in an 
active condition. In order to excite movement, it is 
indispensable that the particles should actually rest on 
tlie glands; for a touch once, twice, or even thrice 
repeoted by any hard body is not aiifiicient to excite 
movement. 

Another experiment, showing that extremely mi- 
nute particles act on the glands when immersed in 
water, may here be given. A grain of sulphate of 
quinine was added to au ounce of water, which was 
not afterwards filtered ; and on placing three leaves in 
ninety minims of this Jinid, I was much surprised to find 
that all thi-ee leaves were greatly inflected in 15 m. ; 
for I knew from previous trials that the solution does 
not act so quickly as this. It immediately occurred 
to me thut tlie particles of the undissolved salt, which 
were so lij^lit as to float about, might have coma 
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into contact with the glands, and cnused this rapid 1 
movement. Acconliugly I added to some distilled A 
water a pinch of a quite innocent Bubstance, namely, , 
precipitated carbonate of lime, which consists of an 
impalpable powder ; I shook the mixture, and thus got 
a fluid like thm milk. Two leaves were immersed in 
it, and in 6 m. almost every tentacle was mucli 
inflected. I placed one of these leaves under the ■ 
microscope, and saw innumerable atoms of lime ad- ' 
hering to the external surface of the secretion. Some, ' 
however, had penetrated it, and were lying on the sur- 
faces of the glands ; and no doubt it was these particles 
which caused the tentacles to bend. When a leaf is im- 
mei-sed in water, the secretion instantly swells much ; 
and I presume that it is ruptured here and there, so 
that little eddies of water rush in. If so, we can under- 
stand how the atoms of chalk, which rested on the 
surfaces of the glands, had penetrated the secretion. 
Anyone who has nibbed precipitated chalk between 
his fingers will have perceived how excessively fine 
the powder is. No doubt there must be a limit, beyond 
which a particle would be too small to act on a gland; 
but what this limit is, I know not. I have often seen > 
fibres and dust, which bad fallen from the air, on the 1 
glands of plants kept in my room, and these never 
induced any movement ; but then such particles lay 
on the surface of the secretion and never reached the , 
gland itself. 

Finally, it is an extraordinary fact that a little ' 
bit of soft thread, ^V of an inch in length and weig! 
ing -sxirr "^ "^ g^^^^i oi of a human hair, -n,Vj of an 
inch in length and weighing only -.-jI-tb- of a grain 
(■000822 milligramme), or particles of precipitated 
chalk, after resting for a short time on a gland, 
shculd induce some change in its cells, exciting them 
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»o tronamit a motor impulse throughout the whule 
length of the pedicel, consisting of about twenty ceUs, 
to near its base, causing this part to bend, tind the 
tentacle to sweep through an angle of above 180°. 
That the contents of the culls of the gluuds, and after- 
wards those of the pedicels, are affected in a plainly 
visible manner by the pressure of minute particles, we 
ahall have abundant evidence when we treat of the 
aggregation of protoplasm. But the cose is much more 
remarkable than as yet stated ; for the particles are sup- 
ported by the viscid and dense secretion ; nevertheless, 
even smaller ones than those of which the measure- 
ments have been given, when brought by an insensibly 
slow movement, through the means above sjiecitied, into 
contact with the surface of a gland, act on it, and the 
tentacle bends. The pressure exerted by the particle 
of hair, weighing only f^'-ns of ^ grain and supported 
by a dense fluid, must have been inconceivably slight. 
We may conjecture that it could hardly have equalled 
the millionth of a grain ; and we shall hereafter see 
that far le^ than the millionth of a grain of phos- 
l^te of ammonia in solution, when absorbed by a 
gland, acts on it and induces movement. A bit of 
hair, i^ of an inch in length, and therefore much 
larger than those used in the above experiments, was 
not perceived when placed on my tongue ; and it is 
extremely doubtful whether any nerve in the human 
body, even if in an inflamed condition, would be in 
any way affected by such a particle supported in a 
dense fluid, and slowly brought into contact wit£ the 
nerve. Yet the cells of the glands of Drosera afe thiis 
excited to transmit a motor impulse to a distant point, * 
indncing movenient. It appears to me that hitrdly 
lay more remarkable fact than this has been observed 
Ui the vegetable kingdom. 
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We have already seen that, if the central glands J 
are excited by being gently brushed, they traiiB- ' 
mit a motor iniimlso to the exterior tentacles, 
causing them to lH.'nd; and wc have now to con- 
sider the effects which follow iiom the glanda of , 
the extevior tentacles being themselres touched. On 1 
several occasions, a largo number of glands were . 
touched only once with a needle or fine brush, 
hard enough to bend the whole flexible tentacle; ■ 
and though this must have caused a thousand- 
fold greater pressiiie than the weight of the above i 
described particles, not a tentacle moved. Oa ' 
another occasion forty-five glanda on eleven leaves 
were touched once, twice, or even thrice, with a 
needle or stiff bristle. This was done as quickly as 
possible, but with force sufficient to bend the ten- 
tacles ; yet only six of them became inflected, — three 
plainly, and three in a slight degree. In order to | 
ascertain whether these tentacles which were i 
affected were in an efficient state, bits of meat were ] 
placed on ten of them, and they all soon became greatly I 
incurved. Ou the other hand, when a large number of J 
glaJids were struck four, five, or six times with the ] 
same force as before, a needle or sharp splinter of \ 
glass being used, a much larger proportion of tentacles I 
became inflected ; but the result was so uncertain 
as to seem capricious. For instance, I struck in. 1 
the above manner three glands, which happened to I 
be extremely sensitive, and all three were inflected ' 
almost as quickly as if bits of meat had been placed 
on them. On another occasion I gave a single for- 
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ctble toucli to a considerable number of gltinda, and 
not one moTtjd ; but these same glands, after an inter- 
val of some hours, being touched four or five times 
with a needle, several of the tentacles soon became 
inflected. 

The fact of a single touch or even of two or three 
touches not causing inflection must be of some service 
to the plant; as during stormy weather, the glands 
cannot fail to be occasionally touched by the tall 
blades of grass, or by other plants growing near ; and 
it would be a great evil if the tentacles were thus 
brought into action, for the act of re-expansion takes 
a considerable time, and until the tentiicles are re- 
expanded they cannot catch prey. On the other 
hand, extreme sensitiveness to slight pressure is of the 
highest service to the plant ; for, as we have seen, if 
the delicate feet of a minute struggling insect press 
ever BO lightly on the surfaces of two or three glands, 
the tentacles bearing these glands soon curl inwards 
and carry the insect witli them to the centre, causing, 
after a time, all the cii-cuniferential tentacles to 
embrace it. Nevertheless, the movements of the 
plant are not perfectly adapted to its requirements; 
for if a bit of dry moss, peat, or other rubbish, is 
blown on to the disc, as often happens, the tentacles 
olaxp it in a useless manner. They soon, however, 
discover tUoir mistake aud release such innutritious 
objects. 

It is also a remarkable fact, that drops of water fall- 
ing from a height, whether under the form of natural 
or artificial rain, do not cause the tentacles to move ; 
yet the drops must strike the glands with eunsiderable 
force, more especially after the secretion has been all 
washed aviay by heavy rain; and this often occurs. 
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tliotigh the secretion is so viscid that it can be i 
moved with difficulty merely by waving the leaves i 
water. If the falling drops of water are small, 1 
adhere to the Becretion, the weight of which must I: 
increased in a much greater degree, as before i 
marked, than by the addition of minute particles < 
Holid matter ; yet the drops never cause the tentacleail 
to become inflected. It would obviously have 1 
great evil to the plant (as in the case of occasioni 
touches) if the tentacles were excited to bend bjrjl 
every shower of rain; but this evil has been avoided I 
by the glands either having become through habifrl 
insensible to the blows and prolonged pressure of'J 
drops of water, or to their liaving been originally J 
renilered sensitive solely to the contact of solid bodies,. 1 
We shall hereafter see that the filaments on the leavei.l 
of Dioniea are likewisQ insensible to the impact oCl 
fluids, though exquisitely sensitive to momentaryf 
touches from any solid body. 

When the pedicel of a tentacle is cut off by i 
sharp pair of scissors quite close beneath the gland, J 
the tentacle generally becomes inflected. I tried thia 1 
experiment repeatedly, as I was much surprised at the I 
fact, for all other parts of the pedicels are insensible to 2, 
any stimulus. These headless tentacles after a tims>fl 
re-expand ; hut I shall return to this subject. On tha E 
other hand, I occasionally succeeded in cruahing [ 
gland between a pair of pincers, but this caused no I 
inflection. In this latter cose the tentacles 
paralysed, as likewise follows from the action of too 1 
strong solutions of certain salts, and by too great \ 
heat, whilst weaker solutions of the same salts and a 1 
more gentle heat cause movement. We shall also see j 
tn future chapters that various other fluids, somo^ 
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vapours, and oxygen (after the plant has boon for some 
time excluded from its action), all induce inflection, 
and this likewise results from an induced galvanic 
current.* 



* My son Francis, fnii<3<)<l ^y 
the ohHcrvutions of Dr. Burdon 
8undcn»nn on Dionsco, AndB that 
if two needloD oro insortcd into 
the hludo of a loaf of Droficra, the 
tentacles do not move ; but tliat if 
similar needles in connection with 



the flccondary onil of a Du Boia 
inductive ti[>(>anitu8 are insrrtod, 
the tontiicli*H curve inwards m the 
course of a few minutes, ill j son 
liop4.*8 soon to publish an aooour \ 
of his observations. 
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I WILL here interrupt my accoiint of tlia movements I 
uf the leaves, and descrilje the phenomenon of aggre* 1 
gatioD, to which subject I have already alluded. If fl 
the tf;ntacles of a young, yet fnlly matured leaf, that I 
has never been excited or become inflecf«d, I 
amined, the c^lls forming the pedicels are seen to be 
filled with homogeneous, purple fluid. The walls are 1 
lined by ii layer of eolourless, circulating protoplasm ; 
but this can be seen with much greater distinctness J 
after the process of aggregation has been partly | 
effected than before. The purple fluid which esud<» J 
from » crushed tentacle is somewlmt coherent, and | 
does not mingle with the surrounding water; it con- 
tains much llocculent or granular matter, Bnt this i 
matter may have been generated by the cells having 1 
been crushed; some degree of aggregation havinj; 1 
been thus almost instantly caused. 



Cn>P.in. THE PliOCESH OF A(i011En ATION. Sit 

If a tentacle is exaniiiie^l some boura after tbe giniid 
has been excited by rfj>eftted touches, or by an in- 
organic or organic particle placed un it, or by the 
absorptioQ of certain flu ids, it presents a wholly 
changed appearance. The cells, instead of being filled 
with homogeneous purple fluid, now contain variously 
■haped masses of purjtle matter, suspended in a colour- 
less or almost colourless fluid. The ehanj^e is so 
conspicuous that it is visible through a weak lens, 
and even sometimes by the naked eye ; the tentacles 
now have a mottled appearaocc, so that one thus 
affected can be picked out with ease from all the 
others. The same result follows if the glands on the 
disc are irritated in any manner, so that the exterior 
tentacles becflme inflected ; for their contents will 
then be found in an aggregated condition, although 
their glands have not as yet touched any object. But 
aggregation may occur independently of inflection, 
as we shall presently see. By whatever cause the 
process may have been excited, it commences within 
the glands, and then travels down the tentacles. It 
can be observed much more distinctly in the upper 
cells of the pedicels than within the glands, as these 
are somewhat opaque. Shortly after the tentacles have 
re-expanded, the tittle masses of protoplasm are all 
Tedissolved, and the purple fluid within the ceils be- 
comes as homogeneous and transparent as it was at 
first. The process of redissolution travels upwards 
from the hasca of the tentacles to the glands, and 
therefore in a reversed direction to that of aggre- 
gutioii. Tentacles in an aggregated condition were 
riiown to Prof. Huxley, T>r. Hooker, and IJr. Burdi 
Sanderson, who observed the changea imder the 
microscope, and were much struck with the whole 
phe„„„,™.,„. 
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The little masses of aggregated matter are of t 
moat 'livt-raified sbapes, often spherieal or oval, ! 
times nmcli eiimgatod, or quite irregular with thre 
or nocklace-like or chii>-forme(l projections. The] 
eflnsist of thiek, apparently viseiil matt«r, which i 
the exterior tentacles is of a pnrplish, and in ' 
short diaeal tentacles of a greenish, colour. Thes 
little masses inceaaanlly change their forms and ] 
tions, heing never at rest. A single mass wQl c 
Be[)arate into two, which afterwards reunite, Their-J 
movements are rather slow, and resemble those oft 
Amoebie or of the white corpuscles of the blood. We'j 
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may, therefore, couchide that they consist of i 
plasm. If their shapes are sketched at intern 
of a few minutes, tliey are invariably seen to ] 
undergone great changes of form ; and the s 
ceil has been observed for several hours. Eight i 
though accurate sketches of the same cell, made i 
intervals of between 2 m. or 3 m., are here givfiuj 
(fig. 7), aud illustrate some of the simpler and t 
mouest changes. The cell A, when first sketched^J 
included two oval masses of puiiiie protoplasm tomJi-d~ 
ing each other. These became separate, as showivj 
at B, and then reunited, as at C. After the next] 
interval a very Cfminnin uiipearauce hiu* presented— 
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D, namely, the formation of an pxtremely minute 
sphere at one end of an elungateil mass, This rapidly 
increased in siKo, as shown in E, and was then re- 

' absorbed, as at F, by whirh time another sphere had 
been formed at the opposite end. 

TUe cell above figured was from a tentacle of a dark 
red leaf, which had caught a smaU moth, and was 
examined under water. As I at first thought that tlie 
moTements of the masses might be due to the absorp- 
tion of water, I placed a fly on a leaf, and when after 
18 hre. all the tentacles were well inflected, these were 

[ examined without being immersed in water. The cell 
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1 here represented (fig. 8) was from this leaf, being 
I sketched eight times in the course of 15 m. These 
I sketches exhibit some of tlie more remarkable changes 
I which the protoplasm undergoes. At first, there was 
I at the base of the cell 1, a little mass ou a short 
I footstalk, and a larger mass near the upper end, and 
t these seemed quite separate. Keverthtdcss, they may 
L have been connected by a fine and invisible thread of 
I jirotoplaiim, for on two other occasions, whilat one 
I mass was rapidly increasing, and another in the same 
1 csoll rapidly decreasing, I was able by varying the 
1 light and using a high power, to detect a conucclinp 
I threatl of extreme touuity, which evidently si'rved as 
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the channel of communieatitjn between the two. On 
the other hand, such connecting threads are some' -j 
times seen to brenk, and their extremities then 
quickly become club-headetl. The other sketches in 
fig. 8 show the forms succesaively assumed. 

Shortly after the purple fluid within the cells has 
become aggregated, the little masses float about in a 
colourless or almost colourless fluid ; and the layer 
of white granular protoplasm which flows along tha 
walla can now be seen much more distinctly. The 
stream flows at an irregular rate, up one wall and 
down the opposite one, generally at a slower rata 
across the narrow ends of the elongated eella, and so 
round and round. But the current sometimes ceases. 
The movement is often in waves, and their crests 
sometimes stretch almost across the whole width of 
the cell, and then sink down again. Small spheres of 
protoplasm, apparently quite free, are often driven by 
the current round the cells ; and filaments attached 
to the central masses are swayed to and fro, as if 
struggling to escape. Altogether, one of these cells'] 
with tho ever changing central masses, and with the i 
layer of protoplasm flowing round the walls, presents \ 
a wonderful scene of vital activity. 



Many observattons were mado on the contents of the cells i 
wliijst undergoing tho process of agEregaliou, but I shall detail ' 
trnly a few cases under different heads, A email portion o 
leaf was cut off, placed under a high power, and the glands 
very pcnlly pressed under a compressor. In 15 m. I diatinctlr 
saw extreniely minute spheres of iirotoplasm aggregating them- 
selveB in the pnrple fluid; these rapidly iDcrcnsed in size, both I 
within the celln of the glands and of the upper ends of iha 
pedicels. Particles of glasB, eork, and cindei's were also placed 
on the glands of many tentacles ; in 1 hr. several of them were { 
inBected, but after 1 hr. ,% m. there was no a^grcgAtioQ. Other { 
lentaclee with these particles were examined after 8 hrs., and ' 
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w all their cello litul uodert^one aggrcgHtion ; ro had the cells 
oT the esterioT tentoules which had become infltKbd through 
the irritation tranemitttMl from the glands of the disc, on wluch 
the tnuLsport«d particlus rested. This vaa likewise the case with 
the short tentacles round the mai^ns of the diBO, which had not 
aa fet become inflected. This latter foct shows that the pro- 
cess of aggregation is independent of the inflection of the ten- 
tacles, of which indeed we have other and abundant evidoDCe. 
Again, the exterior tentacles on threo leaves were carefully 
examined, and found to contain only homogeneous parpio fluid; 
little bite of thread were then placed on the glands of three of 
them, and after 22 hts. the purple fluid in their cells almost 
down to their bases was aggregated into inuumurablu, spherical, 
elongated, or filamentoas mosses of protoplasm. The bitu of 
thread had been oartled some time prv!?iously to the central 
disc, and this had caused all the other tentacles to become 
Bomeirhat inflected ; and their cells hod likewise undergone 
aggregation, which however, it should be observed, had not 
as yet extended down to tliuir bases, but was conliuod to the 
cells close beneath the glands, 

Not onl; do repeated touches on the glands* and the contact 
of minute particles cause aggregation, but if glands, without 
being themselves injured, are cut off from the summits of the 
pedicels, this induces a moderate amount of aggregation in the 
headless tentaclef, after the; have liecome iufleclcd. On the 
Other hand, if glands are suddenly crushed between pincers, as 
was tried in six cases, the tentacles seem paralysed by so great 
a shock, for they neither become inflected nor exhibit any signs 
of aggn^tion. 

fJarbonait of Aintnonia. — Of all the causes inducing aggrega- 
tion, that which, a8 fur as I have scon, auts the quickest, and is 
the most powerful, is a solution of carbonate of ammonia. What- 
ever its strength may be, the glands are always affected first, 
ftnd soon iNiL-ome quite opaque, so as to appear black. For 
inotonce, I placed a leaf in a few drops of a strong solution, 
namely, of one ]uirt to 146 of water (or 3 grs. to I o7..), and 
obserred it under a high power. All the glands began to 




• JndKing from an aooo'iol of 
M. Beakel's observiitious, which 
I bavB only just Been quoted in 
the ' Oardeiier'ii Chmnicle ' (Oct. 
10, 18T4X he nppcarB In have 
•baetved a umilar pheooinvnoa iu 



the itamens of Berberia, nfter 
they have been excited by a 
touch uid liave moviul; for ho 
say«, "the ooutents of each indi- 
vidual i<ell are oollMtcd toeethor 
in thd oeutre of the cavily." 
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darken in 10 s (leconils); and in 13 a. were conspiunonHljr ] 
rltirker. In 1 m. oxtrcraelj Email ephtrical moKses of protoplvnn ] 
could be seen arising in the wOla of the pediceta close lieneath 1 
the glands, lu veil as in the cuahions ou wliich the lotiK- j 
huidod marginal glands reBt. In several caaos the procesa J 
travelled down the pcdipele for a length twice or tliric« as great I 
03 that of Ilia glands, in about 10 in. It was interesting ti 
observe the prooeHS momentarily arrested at each transverse 
portitioQ between two cella, and then to see the tranapiirent | 
contents of the cell next below almost flashing into a cloudy 
masH. In the lower part of the pedicels, the action proceeded 
slower, Ro that it took about 20 m. liefore the cells halfway ' 
down the long marginal and Eubmsrgiual tentacles became 
aggregated. 

We may infer that the carbonate of ammonia is absorbed by ' 
the glands, not only from its action being so rapid, but from its 
effect being somewhat different from that of other salts. Ah tha i 
glands, when excited, secrete nn acid belonging to the acetis i 
series, the carbonate is probably at once converted into a J 
salt of this series; and we shall presently see that the acelato 4 
of ammonia causes a^regation almost or quite as one^etically I 
as does the carbonate. If a few drops of a solution of one part otM 
the carbonate to 437 of water (or 1 gr. to 1 oz.) be added to tha f 
purple flnid which exudes from crushed tentacles, or to paper ] 
stajned by being rubbed with them, the fluid and the paper ara J 
changed into a pale dirty green. Nevertheless, some purple i 
colour could Btill be detected after 1 lir. 30 m. within the glands i 
of a leaf left in a solution of twice the alxive strength (vi: 
2 grs, to 1 oz.) ; ^'^^ after 21 hrs. the cells of the pedicels close ' 
beneath the glands still contained spheres of protoplnaro of a 
fine purple tint. Theee fecta show that the ammonia had not J 
entered as a carbonate, for otherwise the colour would havA T 
been discharged. I have, however, sometimes observed, eepe- 1 
ciolly with the long-headed tentacles on the margins of very pale 1 
leaves immersed in a solution, that the glands as well as 
up]»r cells of the pedicels were discoloured; and in theee cases I 
I presume that the unchanged carbonate had been absorbed. , 
The appearance above liescribed, of the aggregating procesa i 
being arrested for a short time at each transverse partition, , 
impresses the mind with the idea of matter passing downwards , 
from cell to cell. But as the cells one beneath the other 
undergo aggregation when inorganic and insoluble particles a; 
placed on the glands, the process must be, at least in theaa ] 
MsoB, one of molecular change, transmitted from the glands, I 
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ilKleiwniluntlj of the absorplion of any matter. So it may poe- 
silily be in tliu vam uf the carhonnto of nniinonia. At, \m\i- 
evor, the Rfcgregation caused by this mlt travclB down the 
t«Dlaclee at u quicker rate than when insoluble parlicluB am 
placed on tlie glands, it ia pmbable that ammonia in stmie form 
13 absorbed not only by the glandH, but passes down the 
tentacles. 

Having examined a leaf in water, and found the contents of the 
evlU homogeneous, I plfti:cd it in a few drops of a solution of one 
part of the carbonate lo 437 of water, and attended to the nilis 
immediately beneath the glandn, but did not use a very high 
power. No aggregation was Tisible in 3 ni. ; but after 15 m. 
BlOall Bpherod of protoplasm were formed, more especially 
botunth tiie long-headed marginal glondii; the proceaa, how- 
ever, in this asMO took place with nnuaual dlowneNi. In 35 m. 
conspicnona Bphorical maEsee were prteont in the cells of the 
pedicels for a length about equal to that of the glands; and 
iu 3 brs. to that of a* third or half of the whole tentacle. 

If tentacIcK with celln containing only very pule pink Quid, 
knd apparently bnt iittlo protoplasm, are plaoed in a few drops 
of a weak Bolution of one part of the carbonate to 4375 of 
water (1 gr. to ll) oz.). inU the highly transparent cells beneath 
the glands are carefully ol«erved under a high jiowcr, tjictio 
may be seen first to become slightly clondy from the formation 
of numbcrlijss, only just perceptible, granules, which rapidly 
grow larger either from coalcHcence or from attracting more 
protoplaun from the oiirroimding fluid. On one occasion I 
chose a singularly pale leaf, and gave it, whilst under the 
microBoope, a single drop of a stronger Kolution of one part to 
437 of water; in thi:* case the contents of the cells did not 
become cloudy, but after 10 m, minute irregular granules of 
protoplasm could be detected, which soon increased into 
inogDlar mosses and globules of a greenish or very pale pnrple 
tint; but these ncTcr formed perfect spheres, though ioeessantly 
diftnging tbeir shapes and positions. 

With moderately red leaves the tirst effect of a sotuHon of the 
earbonate generally is the formation uf two or Ihree, or of 
•everal, extremely miuute purple spheres whieb rapidly increwte 
in axe. To give an idea of the rate at which such spheres 
inoicafie in Nze, I may mention that a rather pale purple leaf 
placed nndf r a slip of glass was given a drop of a solution of 
one part to 25)2 of water, and in IS m. a few minute spheres of 
protoplasm were formed ; one of these, after 2 lirs. iJO m., was 
About two thirds of the diumuter of the c.:ll. After i lirs 2J ra. 
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it nearly eqiiallod the cell in ditinietet; luid n eecond Bpbcu 
nlxiut half 08 Ifirge ns the first, tiigetlur vitli a fuw oIIilt 
minute ones, were formed. After G hrs. the fluid id which theso 
Kpheres floated was almost colourleRS. After 8 lim 35 m. (always 
reckoning from the time when the soiution was first added) font 
new minute spherus had appeared. Next morning, after 22 hrs., 
there were, hcsidos the two large spheres, seven smaller ones, 
floating in alniolutely colourless fluid, in which Eome floccnlent 
greenish matter wna Buspended. 

At the commencement of the process of aggregation, more 
especially in dark red leares, the contents of the cells ofteu 
present a different appearance, as if the layer of protoplasm 
(primordial utricle) which lines the cells had separated itself 
and shrunk from the walls; an irregularly shaped purple bag 
being thus formed. Other fluids, besides a solution of the car- 
bonate, for instance on infusion of raw meat, produce this sama 
effect. But the appearance of the prinioi'dial utricle slirinking i 
from the walls is certainly false ; * for before giving the solntion, 
I Raw on Beveral occasions that the walls were lined wilh colour- 
less flowing protoplasm, and after the bag-like mas^^a were 
formed, the protoplasm was still flowing along the walls in n 
conspicuous manner, even more so tiian before. It appeared . 
indeed as if the stream of protoplasm was strengthened by the J 
action of the carbonate, but it was impossible to ascertain 1 
whether this was really the case. The bng-like masses, when f 

Q formed, soon begin to glide slowly round the cells, nimo- 
times sending out projections which separate into iittle spheres ; 
otJier spheres appear in the fluid surrounding the bags, and 
these travel much more quicklj. That the small spheres are 
separate is often shown by sometimes one and t)ien another '; 
travelling io advance, and sometimes thej revolve round each 1 
other. I have occasionally seen spheres of this kind proceeding j 
up and down the same side of a cell, instead of round it. Thtt ] 
bag-like masses after a time geiierHlly divide into two rounded | 
or oval masses, and these undei^o the changes shown in flgs. 7 
and 8. At other times spheres appear within the hogs; and i 
these coalesce and separate In an endless cycle of change. 

After leaves have been left for several hours in a solution of ] 
the carbonate, and complete aggregation has been effected, tlia 



* With nllicr plantu I have csufgiI by a MilutJoii of carbonate 

often aam wliut ap)icars to be » of ammoniii, uf likfwfBe folkrai 

true Hbrinking of th'^ iirinionliiil froiu mL-ctaahiLvil injurius. 
at-iobs fmni t..e walla nCtlic crlla. 
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Btroam uf i>roti);iliwai on the wails of tlio celln (i«si» lo tm 
yriuMe; I observed thU fuct repeatedly, but will give only ouo 
iiutanoe. A p«le purple le*f wks placed in a few drape of a 
•nhitJon of oni port lo 2'J-2 of wat^u-, imd in 2 hni. Hdniu Hnu 
purple spbcn« wcrt- fortned in the npper cells of the pedicvlei, 
the stream of protopl&^m round their walls being still quite 
distiiict; but after an a-lditvmai 4 hra., dnrin); which time 
Buuiy more spheres wore formed, the stream w&8 no longer 
diatingutshnblc on the most ciu«ful eiatnination ; and tltie no 
donbt waB due to the contained gronales haTing become united 
with the Bpheree, so that nothing was left bj which the luove- 
ment of the limpid protoplasm con M be perceived. But minute 
free spfaerea still travelled up and down the cells, showing that 
there was still a cnrrent. So it was next nioming, nfter 'M hrs., 
by which time some now minute spheres had liwtn formeil; 
these oscillated from side to side and changed their positions, 
proving that the currunt had not ceased, though no stream of 
proloplaon was visible. Ou another occasion, however, n 
vtrettm was seen flowin); round the celi-walle of & vigoruue, 
dark-coloured leaf, after it had been left for 24 hrs. in a rather 
stronger solution, namely, of one part of the carlnnitte to 218 of 
water. This leaf, therefore, was not much or at all injured by 
mn immersion for this len^h of time in the above solution of 
two grains to the ounce ; and on being afterwards left for 24 hrs. 
in water, the aggregated masses in many of the cells were re- 
diasolved, is the same manner as occurs with leaves in a fttale of 
nature when they re-expand after having caught insocls. 

In a leaf which had been left for 22 hrs. in a solution of one 
part of the carbonate to 292 of water, some Epheres of proto- 
plaam (formed by the seir-division of a l>ag-like moss) were 
gently pressed beneath a covering glass, and then examined 
under a high power. They were now distinctly divided by 
well-defined radiating fissureB, or were broken up into separate 
fragments with sharp ed):n»; and they were solid to tlie centre. 
In the larger broken sphi'rcs the eenlru! part was more o|iaqite, 
darker 'Coloured, and less brittle than the exterior ; the latter 
alone being in some cases penetrated by the fissures. In many 
of the spheres the lino of separation between the outer and 
inner partn was tolerably well defined. The outer parts 
siactly the snaie very pale purple tint, as that of the last 
farmed smaller spheres; and these latter did not include any 
darker central core. 

C^m these several fiicte we may conclude that when vigorous 
dai^-oolouTed liaivM are subjected to the action of carbonate 
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^H ftmmoiiia, the flaid wit]iin the oulls of the teuloisles ufteu nggre- ' 

^1 gotee exteriorly ioto coherunt viscid matter, forming a kind ot I 

^P bog. Small spheres Bometimis appeur wltlilu tliia bag, and the 

whole gemnillj soon divides into two or more Kpiieres, which 
repenttxtl; conlesce and redivide. After a lon^ur or Bhoifer 
time the gntDuleo in the colourless layer of protoplasm, which 
fluwa round the walls, are druwu to nud unitu with the larger 
spheres, or form sinall indepeadoiit spheres; these Utter being of 
H much piler colour, and more brittle than the tirst aggregated 
masses. After the graniilee of protoplasm have been thiu 
attracted, the layer of flowing protoplasm can no longer be di»- 

Itinguished, though a current of limpid fluid ftill flows round 
the walls. 
If a leaf is immersed in a very strong, almost concentrated, 
solution of carbonate of amoiouia, the glands are inslantljr 
blackened, and they secrete copiously ; hut no movement of the 
teofacles ensues. Two leaves thus treated became after 1 hr. 
flaccid, and seemed killed; all the cells in their tentacles con> 
tained spheres of protoplasm, but these were small and di»- 
coloured. Two other leaves were placed in a solation not quite 
so strong, and there was well-marked aggregation in 30 tn. 
After 24 hrs. the spherical or more commonly oblong masEea of 
protoplasm bcmme opaque and granular, instead of being as 
usual translucent; and in the lower cells there were only 
innumeralile minute spherical granules. It was evident that 
the strength of the solution had interfered with the completion 
of the process, as we shall see hkewiae follows from too great 

All the foregoing observations relate to the eiterinr tentacles, 
which are of a purple colour ; but the green pedicels of the ■ 
short central tenlauies are acted on by the earbonate, and hj 
■n infusion of raw meat, in exactly the same msnner, with the 
sole difference that the aggregated masses are of a grecnisli 
colour ; so that the process in in no way dependent on the 
colour of the flnid within the cells. 

Finally, the most remarkable fact with respect to this salt ia 
the extraordinary small amount which suffices to cause aggre- 
gation. Full details will lie given in the seventh chapter, and 
here it will be enough to say that with a sensitive leaf tlie 
absorption by a gland of y aiViiu "^ " grain ("000483 mgr.) ig . 
enough to cause in the eoiu^se of one hour well-marked t^grega- i 
tioD in the cells immediately beneath the gland. 

The Kftrls ^cerlain oilier Salta and n'uds.—Tvio leaves were 
I^aoed in a solution of one part of acetate of ammonia to a1 
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146 of wktor, and woro acted on quite an entrBotically, but 
perhaps not quite so quii'hly. as l>y the carlNiinLti'. Aflcr 10 m. 
Ibe gloods were black, aud in tlie cells lioiii'nili Ihcni there wore 
traccDofofcp^'atioii, which iiftiT 15 ni, wiui well marked, oxtnud- 
ing down the teuta^lee for a Itngtli mjnnl U) thut of the glands. 
Atlier 2 hn. the conteDts of almost all the cells jii all lliu ten- 
bieles were broken up into maems of prutoplasni A loaf was 
immersed in a solution of one part of oxalate of amuioiija to 
U6 of wat^r ; and after 21 m. some, bat not a conspicuotin, 
cliange could he seen withio the cells beneath the ghxDds. 
After 47 tn. plent; of Rphericul niassex of protoplasm were 
formed, and these extended down the tentacles fur about Iho 
l«ugth of the glanils. Tliis salt, therefore, does not act bo 
quickly as the carbonate. With respect to the citrate of am- 
monia, a leaf woa placed in a little Rohition of the above 
strength, and there was Dot even a trace of aggri^ation in the 
cells beneath the glands, antil 56 m. had elapeed ; hut it was 
well marked after 2 hrs. 20 m. On another occasion a leaf 
was placed in a stronger solution, of ono part of the citrate to 
109 of water (4 grs. to 1 oz.), and at the same time another 
leaf in a solution oF the carbonate of the same strength. The 
glands of The latter were blackened in less than i m., and 
after 1 hr. 45 m. the aggregated masses, which were spherical 
■od very dork-coloured, eittndud down all the tentacles, for 
between half and two-thirds of their lengths; whereas ia the 
knf immerseil m the citrate the glands, after 30 m., wore of 
a dark red. and the aggregated mosses in the cells beneath them 
pink and elongated. After 1 hr. 45 in. these masses extended 
down for only alxmt one-lifth or one-fourth of the length of the 
tentacles. 

Two leaves wci* placed, each in ten minims of a solution of 
one part of nitrate of ammonia to 5250 of water (1 gr, to 
12 ws.), so that each leaf received j-^ of a gmlri (-1124 mgr.). 
This quantity causod all the tonlaoles to Im iiillLtted, but after 
514 hrs, there was only a trace of aggn.'gatiou. One of these 
tame leivcs was then placed in a weak solution of the car- 
bonate, and after 1 hr. 45 m. the tentacles for half their iengthi 
showed an astonishing df^ree of aggregatiim. Two other 

Ilcares were then placed in a much stronger solution of one part 
of the nitrato lo 146 of water (a (rra. to 1 oz.) ; in one of these 
there was no marked change ofter 3 lirs.; but in the other 
there was a trace of apgrepation after 53 m„ and this was 
plainly marked after 1 hr. 22 m , but even after 2 In 
time was certainly not more aggregation than would 
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.to 10 m. in an oqiuilj'a 



lowed friim an iminersion of from 5 n 
Btronn solution of tlie larlionate 

Lastly, a le«f was pinccd in thirty minima of n eolutdon of! 
one part of plioHphnte of amniouia to 43,750 of water (i gr. to 1 
100 oz,). HO tliat it received ^^ of a er.iin (-04079 mgr.); tliia ' 
Hoon caused the tentacles to bo strongly inflocte'l i and after 
21 hrs. the contents ol the cells were aggregated into oral j 
and irregularly globular niawios.witb a conspicuous current of J 
protoplasm flowing round tlie walls. But after go long tmf 
interval a^rugation would have ensued, whatever hod caused'J 
inflection. 

Only a few other sails, l)esides those of ammonia, were triedil 
in relation to the process of aggregntion, A kiaf was placed inl 
B solution of one part of chloride of sodium to '218 of water, a 
after 1 lir. tlio contents of the cells were aggregated into small, I 
irregularly globular, brownish masses ; these after '2 hrs. w 
almost disintegrated and pulj^y. It was evident that the proto-fl 
plasm had been injuriously affected ; and soon afterwards some I 
of the cells appeared quite empty. These effects differ alt(y^ 
gether from those produced by the several salts of anmiani^l 
as well as by various organic fiuids, and by inorganic p 
placed on tlto glands. A solution of the same strength of oar-'9 
bonate of sodu and carbonate of potash acted in nearly tbe si 
manner as the chloride; and here again, after 2 hrs. 30 m., tba J 
outer cells of some of the glands had emptied themselves utM 
Iheir brown pulpy contents. We shall see in the eightlir'V 
chapter that solutions of several salts of soda of half the above ■ 
strength cause infieotion, but do not injure the leaves. WoafcT 
solutions of sulphate of quinine, of nicotine, camphor, poison a 
the cobra, &c., soon induce well-marked aggregation; whera 
certain other BubstanccB (for instance, a solution of curareU 
have no such tendency. 

Many acids, though much diluted, are poisonous ; and though,'! 
as will be shown in the eighth chapter, they cause the t 
tacles to bend, they do not excite true aggregation. Thus leavas 
were placed in a solution of onu part of benzoic acid to 437 of I 
water ; and in 15 m. the purple fluid within the cells had shmnl 
a little from the walls, yet when carefully examined after 1 hi,] 
ao m., tliLTo was no true aggregation ; and after 2i hrs. the lea 
was evidently dead. Other leaves in iodic acid, diluted to tiki 
same degree, showed after 2 hrs. 15 m. the same sbmnkeitl 
appearance of the purple fluid within the cells; and theo 
after 6 hrs. 1,5 m., were seen under a high power to be filled] 
with escessirely minatc spheres of dull rnddisb protoplai 
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vhich by the next morning, aft«r 21 hrg., hurl Almost dis- 
appeued, the loaf b«Mng ovidently dead. Nor wns there nny true 
ftggregntion in lenvM immersed in projiioniu acid of the fame 
fltrcngth; bat iu lliiB mse the protopJiieni vua vaUected in 
jrr^ular massce towardii the basea of the Iowdt cells of Ibo 
tuatacle*. 

A 6llered infusion of raw meat inducts strong n^ijregatiun, 
bul not very quickly. In one leaf tlina iminereed tht-ro was a 
little aggregation after I hr. 20 m., and In another after 1 hr. 
60 m. With other leavM a considerably longer t.mo was r&- 
quirod : for instaiuw, one imraersed for 5 hro. sho>rv<l no aggre- 
gation, bat waa plainly acted on in 5 m., wbm plat-'iid iu a few 
drops of a solution of one part of carbonate of ammonia to 146 
of wntor. Some leaves were left in the infusion fur 24 tars.. 
Hid these became aggregated to n wonderful degree, so that 
the inflected tentacles presenttid to the naked eye a plainly 
merttled appcaraoce. The little miiSHes of purple protoplasm 
were generally oval or t)caded, and not nearly so often Bjihorical 
aa in the cose of leaves subjected to oarl>onute of ammonia. 
They underwent inoossant changes of form ; anJ the curreiit ol 
colourless protoplasni round the walls wns eoDBpicunUBly plain 
after an immerHion of 25 hrs. Raw mist is too powerfnl a 
etunnlnnt, and even small bits generally tqjure, and soroetimefi 
kill, the leaicB to which they are given : the aggregated maesoe 
of protoplasm become dingy or almoBt colourless, and present 
iiu unusual granular appearance, as is likewise the case with 
U-avcs which have been immersed in a very strong solution of 
carlwnate of ammonia. A leaf placed in mUk had the contcala 
of its cells somewhat aggregated in I hr. Two other leaves, 
one imraersed in human saliva for 2 hrs. 30 m., and another 
in unboiled while of egg for 1 hr. 30 m., wore not acted on in 
this manner; though they undoubtedly would have betu so, 
had more timo been allowed. These same two leaves, on being 
afterwards placed in a solution of carlionate of ammonia (3 grs. 
to 1 oz.), had their celb aggregated, the one in 10 at. and the 

Several leaves were left for 4 hra. 30 m. in a solution of one 
port of while sugar to 146 of water, and no segregation ensued 
on being placed in a solution of this same Btrijugth of carbonatn 
of ammonia, they were acted on in 5 ra. ; as was likewise a leal 
which hod bei'ii left for 1 hr. 45 m. in a moderately thick solu- 
tion of gum urabic. Several other leaves were immersed for 
some hours in denser solutions of sugar, gnm, and starch, and 
they had the contents of tlieir cells greatly aggregated. Tfaii 
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H 

^H effect ma; be attriliuled to exosmnse ; for the Icnves io tlia 

^H syrup became quite flnccid, and those in the gum aud stBTOh 

^P somewhat flaccid, with their tent&i^len twisted about in the 

moBt irregular maiuiGr, the longer ones like corkscrewa, 
shall hereafter see that solutions of these BiihBtiiDceB. when ( 
placed on the discs of leaves, do not incite inflection. Particles 
or soft sugar were added to the secretJon round several glands 

I and were soon dissolved, causing a great increOKS of the secre- 

tion, no douht by ososmose ; and after 24 brs. tho cellB showed 
a certain amount of aggr^ation, though tho tentacles wenr ^ 
not inflected. Qljceriuc causes in a few minntea well-pro- 
nouncetl aggregation, ooramencing as usual within tho gtandx 
und then travelling down the tentacles ; and this 1 pnimmB 
may be attributed to the strong attraction of this suhstancn 
for water. Immersion for several hours in water causes aome 
degree of abrogation. Twenty leaves were Jirst carefnlly 
examined, and re-exanaiued alter having been left immersed 
is distilled water for various periods, with the following results. 
It is rare to find even a trace of aggregation until 4 or 6 
and generally not until several more hours have elapsed. 
When however a leaf becomes quiclily inflecteil in water, as 
sometimes happens, especially during tery warm weather, 
aggregation may occur in little ovur 1 hr. In all casea 
leaves left in water for more than 24 hrs. hare their glands . 
blackened, which phows that tlieir contents ti 
and in the specimens which were carefully e:tamined, there j 
wns fairly well-marked aggregation in tho upper cella of tlM J 
pedicels. Those trials were made with cut-off leaves, and iia 
occiirred to me that this circnmstjtnce might influence thttif 
result, B8 the footstalks would not perhaps absorb water qniaklf a 
enough to snpply the gUnds as they continued to secretft J 
But this view was proveil erroneous, for n plant with unii^iiired i 
root*, bearing four leaves, was submerged in distilled ■f 
47 hrs., and the glands were blackened, though the tentacles >i 
were very little inflected. In one of these leaves there was only j 
a slight degree of aggregation in the tentacles; in the second 
rather more, the purjile contents of the cells being k liltlo >J 
Bcpaiited from the walls ; in the tliird and fourth, wliich wera i 
pale leaves, the sggregation in the upper parts of the pedicell' I 
was well marked. In tlicse leaves the little matises of j»oto- r 
plasm, many of which wei* oval, slowly changed their fbnoB'.i 
and positions so that a submergence for 47 lirs. had not killed ■{ 

kthe protoplasm. In n previous trial with a submerged plants ' 
_ . the teutaclus were not in the least injected. 
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HoBt m.luces ane^egfttinn. A leaf, with the co!l« of the 
Wntnnlos oontainioK uiily liiinjogeneoug fluid, was wnvixl rLlxiiit 
for 1 m. in wntcr at 130° Fnlir. (M^J Cent.), and wiis then 
eumined uoder tlie microscope sw quickly as possiblu, tliitt 
is in Q m. or 3 m. ; aiiil by thin time the coutentB of tlie 
cells bail undergone some degree of aggregation. A H«ond lent 
was waved for 2 m. in water at l'J5'' |ul°'G Cent) and ijuiukly 
exntnioed oh before; tbti tentacles were well inflected; tlif 
purple fluid in all the cells had shrunk a little Iram the wsIIh, 
and contained uiaoy oval and elougntiMl masses of protopluRni, 
with a few minute spheres. A third leaf was Isft in watur af. 
125", nnlil it cooled, and when (.'Xnmined after 1 hr. 4.~> m., the 
inSecled tentacles showed uime og^regntiuQ, which became 
after 3 hrs. more strongly msrked, hut did not suliscquentJy 
increase. Lastly, a leaf nas waved for 1 m. in watur ut I'itI' 
{48°-8 Cent.) and then left for 1 hr, iiO m. in cold water ; the 
tentacles were but little inflected, and there was only here and 
there a ttace of aggregation. In all thoso and other trials 
with warm water the protoplasm showed much less tendency 
to aggregate into spherical massi-s than when excite by car- 
boiute of ammouia. 

SflilBiJilliirii of l''e Aggrryiitrd Mtti'tx of Prob^iiliatii. — Ah BOOn 

ss tentacles wiiich have clasped nn insect or any ino^^nic 
object, or have boon in any way eicited, have fully re-cipanded, 
the aggregated masses of protoplasm are rediasolved and dis- 
appear; the cells being now refilled with homogeneous purple 
flnid as they were before the tentacles were inflected. The 
proci'Ss of redissolution in alt cases commences at the bases of the 
lentaclee, and proceeds up them towards the glands. In old 
leaves, however, especially in those which have been scveml 
times in action, the protoplasm in the uppermost cells of the 
pedicels remains in a permanently more or lees apgrogattd con- 
dition. In order to observe the procees of redissolution, the 
following observations were made : a leaf was left for 24 hrs. in 
a little solution of one part of carbonate of ammonia to 218 ol 
water, and the protoplasm was as usual aggregated into numtier- 
lesB purple spheres, which were incessantly changing their 
forms. The leaf was then washed and placed in distilled water, 
and after 'A hrs. 15 ni. some few of the spheres began to show by 
their less clearly defined edges sigas of redissolution. After 
y hra. many of them had become elongated, and the surround- 
ing flnid in the ceils was slightly more coloured, showini; 
plainly that redissolution had commenced. Aflct 24 hrs., 
IhoiUfh many cdis Htill cuntahiod hijIuti^.'^. here and there one 
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could Iw seeu filled with purplo fluid, without a Testige of- 1 
ftggrugaied praloplamn; the whole having been rediBsolved. & M 
leaf with aggregated masses, caused by its having been waTed fl 
for 2 m. in water at the teiuperature of 125° Fahr.. was left in 
oold water, and after 11 hrs. the protoplasm showed ' traces 
of incipient redissolutioD. When again eiamiaed tlireu days 
after ite immersion in the vavra water, there was a couspicaooa 
difference, though the protoplosm was still somewhot ftggift- 
gated. Another leaf, with the contents of all the cells strongly 
aggri^ated from the action of a weak solution of phosphate 
amnionin, was left for between three and four days in a mizlura ; 
(known to bo innocuous) of one drachm of alcohol to eight 
drnchoiH of water, and when re-esamined every trace of ^gre- 
gaUon bad dliiappearod, the r«lls being now tilled with homo- 
geneous fluid. 

We have seen that leaves immersed for some hours in deuM 
solutions of sugar, gum, aud starch, have the contents of their 
oolls greatly aggregiited, and are rendered moi'e or less flaccid, 
with the tentacles irregularly contorted. These leaves, afltr 
being left for four dnys in distilled water, became less Saccid, 
with tlieir tentacles partially re-cxjianded, nnd the aggre- • 
gated mnsfics of protoplasm were partiHlly redissolvcd. A leaf i 
\vith its tentacles closely clasped over a fly, and with the cou> { 
tents of the coIIh strongly aggregated, was pUced in a little | 
sherry wine; after ~2 hrs. several of the tentacles had i 
expanded, and the others could by a more touch be pushed back 
into their properly ezpaniled positions, and now all traces ot I 
aggregation had disappeared, the celln being filled with perfectly J 
homugeneons pink Quid. The rcdissolutjon iu these coses may, ' 
I presume, l>e attributed to endosmose. 



L 



On the Proximate Causes of the Process of Aggregaiitm, 

As most of the stimulants wliieh cause the inflection ' 
of the tentacles likewise induce aggregation in the ' 
contents of their cella, this latter proei'ss might be 
thought to be the direct result nf inflection ; but this i 
is not the case. If leaves are placed in rather strong 
Bolutiona of carbonate of ammonia, for instance of 
three or four, and even sometimes of only two graiiu 
t« the ounce of water (i.e. one part to 109, or 146, oi 
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218, of water), tlie tentacles are paralysed, and do not 
become iiiflecteii. yet tliey soon oxUiliit strongly 
marked aggregatiou. Moreover, the short eentral 
teataclca of a leaf which has been immersed in a 
woak solntiiiii of any suit of ammonia, or in any 
nitrogenous organic fluid, do not become in the leiist 
inflected; nevertheless they exhibit all the pheno- 
mena of aggregation. On the other haud, several 
acid« canse strongly pronounced iuflei^ition, but no 



It is an important fact that when an organic or in- 
organic object is pla4;ed on the glands of the disc, 
and the exterior tentacles are thus caused to bend 
inwards, not only is the secretion from the glands of 
the latter increased in quantity and rendered ocidt 
bat the contents of the cells of their pedicels become 
aggregated. The process always commences in the 
glands, although these have not as yet touched any 
object. Some force or influence must, therefore, be 
trauKnitted from the central glands to the exterior 
tentacles, first to near thoir bases causiug this part to 
bend, and next to tJie glands causing them to secrete 
more copiously. After a short time the glauds, thus 
indirectly excited, transmit or reflect some influence 
down their own jiedicels, inducing aggregation in cell 
beneath ceil to their bases. 

It seems at first sight a probable view that aggrega- 
tion is due to the glands being excited to secrete more 
copiously, so that suflScient fluid is not left in their 
celle, and in the cells of the pedicels, to hold the 
protoplasm in solution. In favour of this view is the 
fiict that aggregation follows the inflection of the 
tentacles, and during the movement the glands geueiv 
ally, or, as I believe, always, secrete more copiously 
than they did before. Again, during the re-expansion 
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of the tentacles, the crlands secrete less freely, or quite 1 
cease to sei^ret^, and the aggregated masses of proto- 1 
pittsm are then redissolveti. Moreover, wheu leaves 
are immersed in dense vegetable solutions, or in 1 
glycerine, the fluid within the gland-cells passes out- 
wards, and there is aggregation ; and when the leaves I 
are afterwards immersed in water, or in an innocuous , 
fluid of less speciiic gravity than water, the protoplasm ' 
is redissolved, and this, no doubt, is due to endosmose. J 
Opposed to this view, that aggregation is caused by I 
the outward passage of fluid from the cells, are the. I 
following facts. There seems no close relation between 4 
the degree of increased secretion and that of aggre- ' 
gation. Thus a particle of angar added to the secre- 
tion round a gland causes a much greater increase of ] 
secretion, and much less aggregation, than does i 
particle of carbonate of ammonia given in the sami 
manner. It does not appear probable that pure water ( 
would cause much exosmose, and yet aggregation J 
often follows from an immersion in water of between I 
16 hra. and 24 hrs., and always after from 24 hrs. to | 
48 hra. Still less probable is it that water at a tempei-a 
rature of from 125° to 130' Fahr. (oV-d to 54''-4 Cent.)J 
should cause fluid to pass, not only from the gland%fl 
but from all the cells of the tentacles down to their 1 
bases, so <|uickly that aggregation is induced within i 
2 m. or 3 m. Another strong argument against J 
this view is, that, after complete aggregation, the J 
spheres and oval masses of protoplasm float about [ 
in an abundant supply of thin colourless fluid; 
that at least the latter stjiges of the process cannot 1 
be due to the want of Quid to hold the protoplasm | 
in solution. There is still stronger evidence t^tat.J 
aggregation is independent of secretion ; for the ptt--! 
pillse, described in the first chapter, with wbioh thp^ 
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leaves are studded are not gliuidular, and do not 
Heorete, yet thoy rapidly absorb ciirbiiniit« of ommouia 
or an infusion of raw meat, aad their contents then 
<jutckly undergo aggregation, wLieli iifterwarda spreoilH 
into the cells of the surrounding tissues. We shall 
hereafter see that tlie purple Huid within the sensi- 
tive filaments of DionK-n. which do not secrete, like- 
wise undergoes aggregution from the action of a weak 
solution of carbonate of animonia. 

The process of aggregation is a vital one ; by which 
I mean thnt the contents of the cells must be alive 
and uninjured to be thus affected, and they must be in 
an oxygenated condition for the transmisaion of the 
process at the proper rate. 8ome tentacles in a 
drop of water were strongly pressed beneath a slip of 
glass; many of the cells were ruptured, and pulpy 
matter of a purple colour, with granules of all sizes 
and shapes, exuded, but hardly any of the cells were 
completely emptied. I then added a minute drop of 
a solution of one part of carbonate of ammonia to 
109 of water, and after 1 hr. examined the 8|>ecimen8. 
Here and there a few cells, both in the glands and in 
the pedicels, had escaped being ruptured, and their 
contents were well aggregated into spheres which were 
constantly changing their forms and positions, and a 
carrent could still be seen flowing along the walls; 
so limt the protoplasm was alive. On the other hand, 
the exuded matter, which was now almost colourless 
instead o£ being purple, did not exhibit a trace of 
aggregation. Nor was there a trace in the many 
cells which were ruptured, but which had not been 
completely emptied of their contents. Though I 
looked carefully, no signs of a current could be seen 
within these ruptured cells. They had evidently been 
killed by the prea-sure ; and the matter which they 
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Btill contained did not undergo aggregation any more I 
than that which had exudetl. In these specimens, i 
I may add, the inrlividuality of the life of each cell 
waa well illustrated. 

A liiU account will he given in the next chapter of 
the effects of heat on the leaves, and I need here only 
state thut leaves immersed fur a short time in water at 
a temperature of 120° Fahr. {48'-8 Cent.), which, as we 
have seen, does not immediately induce aggregation, 
were then placed in a few drops of a strong solution 
of one part of carbonate of ammonia to 109 of water, 
and became finely aggregated. On the other hand, . 
leaves, after an immersion in water at 150° {65°'5 
Cent.), on being placed in the same strong solution, i 
did not undergo aggregation, the cells becoming lillcct 
with brownish, pulpy, or muddy matter. With leaveH 
subjected to temperatures between these two extremes 
of 120° and 150° Fahr. (48''-8 and Oo^-S Cent.), there 
were gradations in the completeness of the process; 
the former temperature not preventing aggregation 
from the subsequent action of carbonate of ammonia, J 
the latter quite stopping it. Thus, leaves immersed J 
in water, heated to 130° (54°'4 Cent.), and then in the | 
solution, formed perfectly defined spheres, but these i 
were decidedly smaller than in ordinary cases. With I 
other leaves heated to 140° (60° Cent.), the spheres 1 
were extremely small, yet well defined, hut many of J 
the cells contained, in a<ldition, some brownish pulpy J 
matter. In two cases of leaves heated to 145° (62^'7 J 
Cent.), a few tentacles could be found with some of! 
their celb containing a few minute spheres; whilst I 
the other cells and other whole tentacles included , 
only the brownish, disintegrated or pulpy matter. 

Tl-e fluid within the cells of the tentacles must be ( 
in an oxygenated condition, in order that the force of j 
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influence which induces aggregation shoiiM be trans- 
mitted at the proper mto from cell to cell. A plant, 
witli its roots in wat«r, was left for 45 m. in a vessel 
containing 122 oz. of carbonic acid. A leaf from tbia 
plant, and, for comparison, one from a fresh plant, were 
both immersed for 1 hr. iu a rather strong solution 
of carbonate of ammonia. They were then compared, 
and certainly there was much less aggregation in the 
leaf which had been subjected to the carbonic acid 
than in the other. Another plant was exposed in 
the same vessel for 2 brs. to carbonic acid, and one of 
its leaves waa then placed in a solution of one part of 
the carbonate to 437 of water; the glands were in- 
stantly blackened, showing that they had absorbed, 
and that their contents were aggregated ; but in the 
cells close beneath the glands there was no aggre- 
gation even after an intenal of 3 hrs. After 4 hrs. 
15 m. a few minute spheres of protoplasm were formed 
in these cells, but even after 5 hrs. 30 m. the aggre- 
gation did not extend down the j)ediccls for a length 
equal to that of the glands. After numberless trials 
with fresh leaves immersed in a solution of this 
strength, I have never seen the aggregating action 
transmitted at nearly so slow a rate. Another plant 
vas left for 2 hra. in carbonic acid, but was then 
exposed for 20 m. to the open air, during which time 
the leaves, being of a red colour, would have absorbed 
some oxygen. One of them, as well as a fresh leaf 
for comparison, were now immersed in the same solu- 
tion as before. The former were looked at repeatedly, 
Hnd after an interval of (io m- a few spheres of 
protoplasm were first ciibserved in the cells close be- 
neath the glands, but only in two or three of the 
longer tentacles. After 3 hrs. the aggregation had 
travelled down the pedicels of a few of the teiitaclet 
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for a length equal to that of the glands. On the other J 
hand, in the freaU leaf similarly treaterl, aggregation J 
was plain in many of the tentacles after 15 m.; aft«t i 
65 m. it had extended down the pedicels for four, five, 
or more times the lengths of the glands; and after i 
3 bra. the cells of all the tentacles were affected for 
one-third or one-half of their entire lengths. Hence 
there can be no donbt that the exposure of leaves to 
carbonic acid either stops for a time the process of 
aggregation, or checks the trausniission of the proper 
influence when the glands are subsequently excited 
by carbonate of ammonia; and this substance acta i 
more promptly and energetically than any other. It 
is known that the protoplasm of plants exhibits it« 
spontaneous movements only as long as it is in an 
oxygenated condition; and so it is with the white , 
corpuscles of the blood, only as long as they receive 
oxygen from the red corpuscles ;' but the cAses above 
given are somewhat different, as they relate to the 
delay in the generation or aggregation of the manses 
of protoplasm by the exclusion of oxygen. 

Summary and Concluding Remarks. — The process of 1 
aggregation is independent of the inflection of the , 
tentacles and of increased secretion from the glands. ] 
It commences within the glands, whether these have 
been directly excited, or indirectly by a stimulna 
received from other glands. In both cases the pro- 
cess is transmitted from cell to cell down the whole J 
length of the tentacles, being arrested for a short 1 
time at each transverse partition. With pale-coloured 1 
leaves the first change which is perceptible, but only -' 

" With reaped to |»Iai)l». Sachs, ' Quatlerly Joumnl of Hi 
'Trait; di' Bot.,' 3nl edit,. 1874, njcipicdl Science,' April 187J 
U. 8U4. On hloo,! corpusclee, nee IK.*!.' 
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under a Iiigh power, is tliB appcaranco of the finest 
granules in the Ituiil within the cellrt, making it 
aligbtly climdy. TLlsb granules soon aggregate into 
small globular mosses. I have seen a cloud of this 



kind 



appear 



in 10 s 



after a drop of a solution of t 



biinate of anuuonia had been given to a gland. With 
dark retl leaves the first visible change often is the 
converaion of the outer layer of the fluid within the 
cells into bag-like masses. The aggregated masses, 
however they may have been developed, incessantly 
change their forms and positions. Tbey are not fllled 
with fluid, but lire solid to their centres. Ultimately 
the colourless gmnules in the protoplasm which flows 
round the waits iioalesce with the central spheres or 
masses ; but there is still a current of limpid fluid 
flofting within the cells. As soon as the tentacles 
fully re-expand, the aggregated masses are redis- 
Bolved, and the cells become filled with homogeneous 
purple fluid, as they were at llret. The process of re- 
dissolution commences at the bases of the tentacles, 
thence proceeding upwards to the glands ; and, there- 
fore, in a reversed direction to that of aggregation. 

Aggregation is excited by the most diversified 
eausee, — by the glands being several times touched, — 
by the pressure of particles of any kind, and as these 
are supported by the dense secretion, they can hardly 
press on the glands with the weight of a millionth of 
a grain,* — by the tentacles being cut off close beneath 



" AaonntinK to Hofineisler («« 
qnoted by SupKb, ■ Traits de Bot.' 
187*. p. fl.")"). very sligbt pres- 
ilini (HI the oell-aieiiiljruae arrcatB 
faaimeduktelv llie mi-vtmantu of 
the pTotopuum, anil e\vu delor 
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the glands, — by the glantla absorbing various fluids (i 
matter dissolved out of certain bodies,— by exosmoae, — • I 
and by a certain degree of heat. On the other band, 
a fa?mperature of about 150° Fahr. (65''5 Cent.) does I 
not excite aggregation ; nor does the sudden crushing j 
of a gland. If a cell is ruptured, neither the exuded | 
matter noi that \Thich still remains within the cell i 
undergoes aggregation when carbonate of ammonia is 
added. A very strong solution of this salt and rather 
large bits of raw meat prevent the aggi'egated masses ■ 
being well developed. From these facta we may con- 
clude that the protoplasmic fluid within a i^ell dooa 
not become aggregated unless it be in a living state, 
and only imperfectly if the cell has been injured. We 
have also seen that the fluid must tte in an oxygen- 
ated state, in order that the prooesa of aggregation ' 
should travel from cell to cell at the proper rate. 

Various nitrogenous organic fluids and salts of an 
monia induce aggregation, but in different degree 
and at very different rates. Carbonate of ammonia is J 
the most powerful of all known substances; the ab- J 
sorption of tti'tti n "f » grain (■000482 mg.) by a gland j 
suffices to cause all the cells of the same tentacle to 1 
become aggregated. The first effect of tbe carbonate g 
and of certain other salts of ammonia, as well as of 1 
some other fluids, is the darkening or blackening of ^ 
the glands. This follows even from long immersion ] 
in cold distilled water. It apparently depends ia 1 
chief part on the strong aggregation of their cell- 
cuutents, which thus beciame opacjue, and do not] 
rellect light. Some other fluids render the glands oi I 
a brighter red; whilst certain acids, though muuh j 
diluted, the poison of the cobra-snake, &c.. make tha I 
glands perfectly white and opaque; and this seems toj 
depend on the coagulation of their contents without \ 
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any aggregation. Neverlhelesa, before being thus 
affected, they are able, at leaat in some cases, to excite 
aggregation in their uwn tentacles. 

That the central glands, if irritated, send centri- 
fiigally some influence to the exterior glands, causing 
them to send l)ack a centripetal influence inducing 
aggregation, is perhaps the most interesting fact given 
in this chapter. But the whole process of aggrega- 
tion is in itself a striking phenomenon. Whenever 
the periphenil extremity of a nerve is touched or 
pressed, and a sensation is felt, it is believed that an 
invisible molecular change is sent from one end of the 
nerve to the other; but when a gland of Drosera is 
repeatedly touched or gently pressed, we can actually 
see a molecular change proceeding from the gland 
doviTi the tentacle ; though this change ia probably of 
a very different nature from that in a nerve. Finally, 
as so many and such widely difl'erent causes excite 
aggregation, it would appear that the living matter 
within the gland-i'ells is in so unstable a ctmdition 
that almost any diaturbanee suffices to change its 
molet^ular nature, as in the ease of certain chemical 
compounds. And this change in the glands, whether 
cxcitf^d directly, or indirectly by a stimulus received 
from other glands, is transmitted from cell to cell, 
causing grimulea of protoplasm either to be actually 
geuerated in the previously limpid fluid or to coalesce 
and thus to become visible. 

Snppkmenlary Observations on the Process of Aggro- 
gation in ilie Roots of Plants. 
It will hereafter be seen that a weah solution ol the car- 
bonate of ammonia induces aggregation in the celln of the roots 
of nroncm; aod tbia led me to make a few trials on the roots 
of other plants. I dug up in the latter part of October the 
flrit weed ttiiicli 1 met with, viz. Euphnrhki prplns, being care- 
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fal not to injure the roote ; these were washed and placed in a 
little Bolution of one part of carbunute of ammonio to 116 of 
water. In lesa thon one miuut* I saw a cloud tmruUing from 
cell to cell up the roots, with wonderful ntpidity. After from _ 
fira. to 9 m. the fine graiiulea, which cauRi:d Ihia cloud; uppear-'J 
aiice, became aggregated towards the extremities of tho rooteil 
into iguadrangular masses uf brown matter j and some of thtnA'V 
eoon changed their forms and became spherical. Some of the 
cells, however, remaiut'd unaffected. I repeated the expoti- 
ment with another plant of the same species, but before I could 
get the specimen into focus under the microscope, clouds of 
granules and quadrangular masses of raildieh and brown ] 
matter were formed, and had run far up all the roots. A frei 
rout was now left for 18 hrs. in a drachm of a solution of u 
part of the carbonate to 437 of water, so that it received 1 ofM 
a grain, or 2-024 mg. When esamiued, the cells of all thaf 
roots throughout their whole leogth coutaiued o^regatej.j 
mafwes of reddish and brown matter. Before making theMfl 
esperimenis, several roots were closely examined, and not ■ 
trace of the cloudj appearance or of the granular masses coulj ^ 
be seen in any of thum. Boots were also imtnerBcd for 3o n 
in a solution of one part of carbonate of potash to 21tl uf water' 
but this salt produced no effect 

I ma; here add that thin slices of the stem of the Euphorbia i 
were placed in the same solution, and the cells which went i 
green instantly became cloudy, whilst others wliich were befora 1 
colourless were clouded with brown, owing to tlio formation oL J 
numerous granules of this tint. I have also seen with variOQil 
binds of leaves, left for some time in a Golution of carbonate ofM 
ammonia, that the grains of chlorophyll ran tot^thcr andS 
partially coalesced ; and this seems to be a form of aggri^utio: 

Plants of duck'Weed (Lemnn) were left for between 30 ra. an^V 
45 m. in a solution of one part of this saiue salt to 146 of watei^f 
and three of their roots were then examined. In two of tbem^J 
all the cells which had previously contained only limpid fl 
now included little green spheres. After fiinm IJ lir. to 2 hn^ 
similar spheres appeared in the cells on tho borders of the 
leaves; but whether the ammonia had Iravellud up the roots or J 
had been directly absorbed by the leaves, I cannot say, 
species. Lroina nrrUiat, produces no roots, the latter altenutivq 
is perhaps the most prol^ible. After about 2) hrs. BOme of tl 
little green spheres in the roots were broken up into tsiati 
granules which enhibilod Brownian movements. Umaa due" 
weed was also left for 1 hr. 30 m. in a solution of one part q 




csrboiiato of potash to 218 of nntcr, and no decidpd cliaiigs 
could be perceived in the cella of the roots; but when theee 
mne roots were plared for 25 m, in a solution of carbonatij of 
unmonia of the oiuno strength, little green spheree were formed. 
A green mftrine alga woa left for some time in tliis Kame solu- 
tion, but was very doubtfully affected. On the other hand, n 
red mnrine alga, with finely t''"""^'! frouds, was stroDgly 
affected. The contents of the cells aggrepited theniBelvea into 
broken rings, still of a red colour, which Tery elowly and 
slightly changed their shapes, and the central epoees within 
these rings became cloudy with red granular matter. The 
facts here given (whether they are new. I know not] indicate 
that interesting reaiilts would perhaps he gained by obeerving 
the action of various saline solutions and other fluids on Uia 
roota of plants. 
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Ttie ErrEOTB or Heat oh the Leaves. 

Nstnic of t!io o»[)crim6nt« — Effects of boiling water — Warm w 

oaiiaee rapid inflt'ctlun — Water at a higher temperature does not i 

cause immediate iDflMtion, but doea not kilt the lenvcs, as slrawn 1 

b^ their aubsequent re-expanaiou aud by the iiggrogation of Um ' 

probiplasm — A Btill higher teiii|ienituro kills the Imvea i ' ' 
ooagulAtea the albumlnnua eontiDte of the glnnilB. 

In my obaervutions on Drosera rot andi folia, tlie leaves >] 
seemed to be mure quickly inflected over animal sub- ' 
stances, and tu remain inflected for a longer period. I 
durini^ very warm than during cold weather. I ■ 
wished, therefore, to ascertain whether heat alone |' 
would induce inflection, and what temperature ' 
the moat efficient. Another interesting point pre-] 
sented itaelf, namely, at what degree life was extiii> , 
guished ; for Drosera offers unusual faciliticB in this J 
respect, not in the loss of the power of inflection, but J 
in that of subsequent re-expansion, and more espe*! 
eially in the failure of the protoplasm to become 1 
aggregated, when the leaves after being heated i 
immersed in a solution of carbonate of ammonia.' 
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* When ray cxpcrtmente nu the oludoa that the protoplnam with- I 

oRbDlB of heal were iiiiuli-, 1 whs in thuir oella alwaya oougulatoif 1 

not awiue thiit the subject biul if in a dump condition, at s ti 

bi«n carefully inveatigutud by iB..nitaro of Wtwetn 50° aod I 

several obaorvera. For instance, l>nt.,i)r J2i° lo Hff> Fabr. 

Saabs is conviuced [' Ttaitc de ScbultzD and KQhne (as qtlotevO 

Bolaniquo,' 1874, pp. 77a, hot, by Dr. Iiu«lian in .(•■--■ 

thttt the most ditTerent Iduda of Itevien,' 1674, p. S'28) 

. .. .., _..j ,. -r ,. _. f__ . — jii^j jjj^ proinplasni n( piMi 

celle, witli nhicb tliDv export; \ 

i" Fulir. : and he ooii- mentcd, wiis nl«'ny» killwl auf'J 
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My cipcrimeTitB were tried in the following manneT. LenTea 
were cut off, and this does not in the least intorfere with thc-ir 
jiowers; for instaniw, llireo cul-otr leares, with bits ol incut 
plaa>d on tbcra, wore k"pt iu a damp aUnoepht^re, and alter 
'2A hrs. ctonoly embrocod the tnoat both with their t<jii- 
toclm and bliuleR; and the protoplasm within their cells wnx 
woll aggregated. Throo ount*s of doubly distilled watL-r wm 
heated in a porcelain vessel, with a delicate thermoiuoter 
tiAving a long hulL obiiijiiely KUs))oiidod in it The water was 
gradually raiK<Kl to the required temperature by a ppiTit-lanip 
moved aluut under the vessel ; and ia all ossi« t)iu lenvcs 
were continually waved for ttomo loinutM close to the tmlU 
They were then pluced in cold water, or in a solution of car- 
bonate of nmuiunia. In other coHes they were left in the water, 
which had been raJRed to e, ci^rtain temperature, until it cooled. 
Again in othtr cases the leaves were suddenly plunged iiilo 
water ot a certain temperature, and kept there for a spoi^ified 
time. Considering that the tentacles ore extremely delicate, 
and that their onuia are very thin, it aeeuis scarcely poesibia 
that the fluid contents of their cells should not have been 
heated to within a degree or two of the temperature of the 
surrounding wnler. Any further precautions would, I think, 
have been superfluous, as the leaves from age or coustitutionai 
Moses difibr slightly in their seositiveneES to hwtt 

It will be convenient first briefly to describe ths elTeets o( 
immersion for thirty socondH in boiling water. The leaves are 
rendered flaccid, with their tentacles bowed backwards, which, 
u we shall see in a future chapter, is probably due to their 
outer surfaces retaining their elasticity for a longer period than 
their inner surfnces retain the power of contraction. The 
purple Huid withiu the cells of the pedicels is rendered finely 
granular, but there is no true aggregation ; nor does this follow 



altered hy a very brief expo- 
tura to a teni]ieruture of IIH)" 
Fahr. oa a muxiiiium." A« tny 
Msnlta are deduced fro>ii apifiul 
pheDOMena, namt'ly, tho buIimj- 
quent a^iention nf the prolo- 
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able differpncH in this teape<rl ia 
not Riirprisiiig, oinaidering thnt 
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when the leaven are imbsequently placed in a sulution of car- 
boDiLte nf amtDonin. But the moHt remnrkuhle chauge jb that 
the glands iKXionie opaque and nniformly whit«; and this may 
be attributed to the coagulation oF their albuminous conteiile. 

My first and preliwioary experiment consiBted in putting 
seveu leaves in the Baue veKsel of water, and varming it bIowIjt 
lip to the temperature of 110° Fahr, C43°'3 Cent.) ; r leaf being 
taken out bb soon aa the temperature rose to 80° (26''-6 Cent), 
another at 85°, another at 90°, and bo on. Each leaf, vhen taken 
out, was placed in water at the temperature of my room, and 
the tentacles of all soon beraine slightlj, though irregularly, 
inflected. They were now removed from the cold water anil 
kept in damp air, with hits of meat plai.'cd on their discs. 
The leaf wiiicli had been expostd to the temperature of 110^ 
became in 15 m. greatly inflected ; and in 2 hrs. every singls 
tentacle closely omhraced the meat. Si> it was, but after rather 
longer intervale, with the six other leaves. It appears, tliere- 
fore, that the warm bath ha<l iucreuBed their sensitiveness 
when eicited by meat. 

I next oliserved the degree of inflection which leaves under- 
went within stated periods, whilst still immersed in warm 
water, kept as nearly as possible at tlio same temperature; but 
1 will here and elsewhere give only a few of the many trials 
made. A leaf was left for 10 m. in water at 100° (37°7 Cent), 
but no inflection occurred. A second le«f, however, treated in 
the same manner, had a few of ite eiterior tentacles very, 
slightly inflected in 6 m., and Beveral irregularly but not oloae^< 
inflected in 10 m. A third leaf, kept in water at 10S° to lOff"'. 
(40°.5 to 41°-1 Cent.), was very moderately inflected 
A fourth leaf, in water at 110° (43''-3 Cent.), was somewhat ill*' 
fleeted in 4 m., and considcrnhly so in from 6 m. to 7 m. 

Three leaves were placed in water which waa heated rathw 
quickly, and by the time tho temperature rose to 115°— 116" 
(46°-l to 46'''06 Ceut.), all tliree were inflected. I then remove! 
the lamp, and in a few minntes every single tentacle was 
closely inflected. Tlie protoplasm within the cells was not 
killed, for it was ecun to be in distinct movement; and the 
leaves, having been left in cold water for 20 hrs., re-expanded. ' 
Another leaf was immersed in water at 100*^ (37°7 Cent.), whicli . 
was raised to 120= (48°-8 Cent,); and all the t«ntacIoe, except 
the extreme marginal ones, soon became closely inflected. 
The leaf was now placed in cold water, and in 7 hrs 30 m. tt . 
had partly, and in 10 bra, fally, ree^iianded. On the foUoim 
fng morning it was immersed in a weak solution of carbonate ol 
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ammonia, and the gl&niJH quiclcly U<ciuue bliiek, witli titronglf 
marked a^anugation in tho tontAcles, showing that the proto- 
plasm was ftlive, and that Ihu glniiils hwt nut lost thuir power iit 
KbHorptioQ. Another leaf wait plmwd iu vaXin at 110' (iS^'S 
Cent.) which was raised to 120' (4S'e Ctint.) ; and everj" ten- 
tacle, excepting; one, was iiuickly and riosoly Jnllcpled. This leaf 
was now immened in a Tew ilrops of a Btroug Eoliition of oar- 
bonato of ammonia (one giart to 109 of viiter); in 10 m. all the 
glaads became intonRely blook, and in 2 hrs. the protojilasm in 
the rella of tho pedicels nas well aggregated. Another leaf was 
suddenly plunged, and as uflnal waved about, in water at 120°, 
ami the tentai'lea became inflected in from 2 m. to 3 m., but 
aalj BO OH to stand at right angles to the disc The leaf waa 
aow placed in the same solution (viz. oue part of carbonate of 
ammonia to 109 of water, or 4 gre. to 1 oz,, which I will for 
the fntnre desigiiate ne tlie strong BOhition), and when I looked 
M it again after the interval of an hour, the glands were 
blackened, and there was well-marked aggregation. After nn 
additional interval of 4 hra. tho tentacles had become muuh 
more inSected. It deserves notice that a solution oh strong aa 
this never eauKes iufleetion in ordinary cases. Lastly a leaf 
was suddenly placed in water at 125° (ol°-& Cent.), and was 
left in it until the water cooled; tho tentacles were rendered 
of a briglit red and soon became inSeoted. The contents of 
the ceUa underwent some degree of oggregation, which in 
the course of tbrre hours increased ; but the masses of proto- 
plasm did not become spherical, na almost always occurs with 
leaves immersed in a solution of carbonate of ni 



We learn from these coaes that a temptTfiture of 
from 120° to 125" (48'-8 to bVG Cent.) ext-itea the 
tentacles into quick movement, but does not kill the 
leaves, as shown either by their subsequent re-expanaion 
or by the aggregation of the pn^toplusm. We shall 
now see that a temperature of 130° (54°-4 Cent.) is too 
high to cause immediate inflection, yet does not bill 
the leaves. 

Ecptrimtat 1. — A leaf was plunged, and as in all cases 
waved about for a few minutes, in wafer at 130° (54'''4 Cent), 
but there was no trace of inSection; it was then placed in cold 
water, and after an interval of 15 m. very slow movement wa« 
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distinctly Boen in a Bmall muss of protoplasm in oue of the wlls 
of a ttintavla* Afti^r a few Lours all tbo tentacles anil tht : 
blado became inflected. 

Kjp^riment 'i. — Anolhor leaf U'as plunged into wuttir at 120' 
to 131°, and as liefure there was no inflection. After being kej^t 
in cold water for an hour, it waa placed in the strong Galntioc 
of ammonia, and in the course of 55 m. the tentacles were con- 
siderably inflected. The giunds, which before had been rendered 
of a brijihter red, were now blackened. The protoplnsm la the 
cells of the tentacles wns dietinctly aggregated ; but the Bptaeres 
were much smaller than those nsnally generntcci in nuhealed 
leaves when Rnbjccted to carbonate of ammonia. After an 
additional 2 lira, all the tentacles, excepting six or seven, werfi ' 
oloBuly inflected. 

tlxfierimeiil 3,^A similar exi>eriniont to the lost, with exacti)' 
the same results. 

Srperim'ml 4.— A fiae leaf was placed in water at 100° (ST"'? 
Cent.), which wos then raised to 145" (,62° ■? Cent.). Snon after 
inunersion, there was, as might have been expected, strong ' 
inflection. The leaf was now removed and left in cold wat«r; 
bat lirom having been exposed to so high a temperature, it i 
never re-expandcd. 

J^xperiment 5.— Loaf immersed at 130" (S-f^ Cent.), and tj^ j 
water raised to 145" (62°-7 Cent.), there was no inuuediate ii 
flection ; It was then placed in cold water, and after 1 hr. 20 1 
some of the tentaclea on one side became inflected. This I 
leaf was now placed in the strong solution, and in 40 m. ftll I 
the Bnbmarginai tentacles were well inflected, and the glanda 1 
blackened. After on additional interval of 2 lirs. 45 m. all thft ) 
tentacles, except eight or ten, were closely inflected, with their 'I 
cells exhibiting a slight degree of aggregation ; but the spheres I 
of protoplasm were very small, and the cells of the exterior 1 
tentacles contained some pulpy or disintegrated browDisli i 
matter, 

I'.xperiiiienta 6 and 7. — Two leaves were plunged in water at I 
135° C&7° ■ 2 Cen t ) wliich was raised to 145° (62° - 7 Cent.) ; neit her 
became inflected. One of these, however, after having been left j 
for Ul m. in cold water, exhibited some slight inflection, whiah 1 
increased after an additional iatervat of 1 br. 45 m., nntil 



' SacliB Btatm r' Truite rl^ Bo- aFtc^r tlioy ^^ere exposed for 1 m. 

Unique,' lf74. p. 8.i.^) ttiut the in water In u lemperotiire of -17^ ^ 

loovements nf the pmloptusm in In iM° Cent., or 117° to I'"* 
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•It iho tcnbscluB, ctpept utitt^n or HevenlMJii, wtro iiiorc or lew 
iofluctMl ; bat tbci loaf was m lanvtt iujnrod thst it nprer k~ 
esiiondt'd. The other leaf, aldr hnving been left for half an 
hour in cold WAtcr, whs [lul lutti thu strong snlntiuD, bnt no 
inflection ensuul ; Uui glftnds, however, wcru blaokened, and in 
Home cells thure wan a little oggrficntion, the spheres of prnto- 
pUisni being extremely BnmU; in other cells, uspecinlly in the 
czt«riof tentaclus, there was ninuh greumsh-bruwii pulpy 

KiperirMttl 8. — A leaf was plnnged and waTcd aliont for a 
few minutes in wat«r at 140° {60^ Cent.), and was then left for 
half an hour in cold water, bot there was no inflection. It wu 
now placed in the strung solution, and after 2 hriL 'SO m. tbe 
inner snlimurginal tentacles were well jnfiectod, with their 
gtaods blackened, and annie iinperrt«t aggregation iu the cellR 
of the pedicels. Three or four of the glands were s^iotted with 
tbe white porceLiin-like stnicture, tike that produi^ed by twiting 
water. I have seen this result in no other instance after an 
a of only a, few minuleH In water at so low a tenipe- 
■ lUf, and in oul.v one leaf out of four, after a similar 
immersion ut a temperature of 1 15^ Fabr. On the other hand, 
with two leaves, one placed in water at 145'' (6'2"'7 Cent,), and 
tbe other in water at 140' (W Cent,), both being left therein 
until the water cooled, the glands of both became white and 
porcclnin-like. Bo that the duration of tbe immersion is an 
important clement in tbe result 

Erptrimtiit 9.— A loaf was placed in water at 140^ (60° Cent.), 
which was raised to 150°(65''-5 Cent.); there was no infle<Ttion ; 
a tbe contrary, the outer tentacles were eomcMfhat Ixiwed back- 
wards. The glands became like poreelnin, but some of them 
were a little mottled with purple. The bases of the glands were 
often more affected thou their summits. This leaf having been 
left in the strong solution did not undergo any inflection or 



Sjparimeiit 10.— A leaf was plonged in water at IDO' to ISOJ" 
(65°'5 Cent.) ; it Iwcame somewhat flaccid, with the outer ten- 

' » slightly reflexed, and tlio inner ones a little Itent inwards, 
but only towards their tips; and this latter &ct shows that the 
I not one of true inflection, as the basal part 
fttoce normally lieiids. The tentacles were an usual rendered of 
a very bright red. with the glands almost while like porcelain, 
yet tinged with pink. The k-af having been placed in the 
•trong solution, the cell-contents of the tentacles Ijecame of a 
nuuldy brown, with no trace of aggregation. 
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Exjierimunt 11. — A leaf wns immersed in wiiter at 145° (6if-7 
Oont.), which was raised to 156° (G8'-8 Cent.). The tentacles 
became bright re<l sod somewhat reflexed, with almont all the 
gkuds like porcelain; those on the disc lioitit; etill piukiBh, 
those near the margin quite whit«. The lonf ln^ng placed as 
usual iirst in cold water and then in the Ktroug solution, the 
cells in the tentacles became of a niuddj greenish brown, with 
the prutoplflsm not aggregated. Nevertheless, four of the gland* 
escaped being rendered like porcelain, and the pedicels of then ^ 
glands were spirally curled, like a French horn, towards theix J 
upper ends; hut this can by no means be considered as s 
case of true inflection. The protoplasm within the oells of the 
twisted portions was aggrti^ated into distinct though eicesdyely 
minut* purple spheres. This case shows clearly that the proto- 
plasm, after having been exposed to a high temperature for a 
few minutes, is capable of a^regation when afterwards sab- 
ieoted to the action of enrlionato of ammonia, unless the heat i 
has been suffii-iunt to cause coagulation. 

Concluding Remarks. — As the huir-like tentacles are j 
extremely thin find have delicate walls, and as the 
leaves were waved about for some minutes close to the j 
bulb of the thermometer, it seems scarcely possible I 
that they should not have been raised very nearly to 3 
the tempi>rature which the instrument indicated. J 
From the eleven last observations we see that a tem- f 
peratiire of 130° {54°'4 Cent.) never causes the imme* J 
diate inflection of the tentacles, thuugh a temperattuttJ 
from 120^ to 125° (IS'-S to 5r-6 Cent.) (juickly pro^l 
duces this effect. But the leaves are paralysed only.l 
for a time by a temperature of 130°, as aft«rwaid^,] 
whether left in simple water or in a solution of cax- ] 
bonate of ammonia, they become inflected and theil J 
protophisin undergoes aggregation. This great dif- 1 
ference in the effects of a higher and lower tempera- ] 
lure may be compared with that from immersion itt 
strong and weak solutions of the salts of ammonia ; tot J 
the former do not excite movement, whereas the latte^fl 
act energetically. A temporary suspension of ttM:f^ 
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power of movement due to hoat is called by Sachs" 
lieat-rigidity ; und tliiti in the case of the sensitive- 
plant (Mimosa) is induced by its exposure for a few 
minutes to humid air, raised to 12U° — 122° Fabr., or 
49' to 50" Cent, It deserves notice that the leavi-s of 
Drosero, after being immersed in water at 130° Kahr., 
ore excited into movement by a solution of the car- 
bonate so strong that it wouhl paralyse ordinary 
leaves and cause uo iullection. 

The exposure of the leaves for a few minutes even 
to a temperature of 145° Fahr. ((32°'7 Cent.) does not 
always kill them ; aa when afterwards left in cold 
water, or in a strong solution of carbonate of ammo- 
nia, they generally, though not always, become in- 
flected; and the protophism within their cells under- 
goes aggregation, though the spheres thus formed are 
extremely small, with many of the cells partly filled 
with browuish muddy matter. In two instances, when 
leaves were immersed in wal«r, at a lower temperature 
than 130° (54''-4 Cent.), which was then raised to 145'' 
(62°-7 Cent.), they became during the earlier period 
of immersion inflected, but on being afterwards left 
in cold water were incapable of re-cxpaiision. Ex- 
posure for a few minutes to a temperature of 145" 
sometimes causes some few of the more sensitive 
glands to be speckled with the porcelain-like appear- 
ance; and on one occasion this occurred at a tempera- 
ture of 140° (60° Cent.). On another occasion, when 
a leaf was placed in water at this temperature of only 
140°, and left therein till the water cooled, every 
gland became like porcelain. Exposure for a few 
minutes to a temperature of 150° (65°'5 Cent.) gene- 
rally produces this effect, yet many glands retain s 

• 'TraiU de BoL" IH71, p. 1034. 
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pinkish L-olour, and mniiy present a speckled appear< 
ance. This high temperature nevtir causes true inflec- 
tion ; on the contrary, the tent-aclea eommoiJy becoms 
reflexed, though to a less degree than when immersed 
in hoiling water ; and this apparently is due to their 
passiTC power of elasticity. After exposure to a tem- 
perature of 150° Fahr., the protoplasm, if subsequently 
subjected to carbonate of ammonia, instead of under- 
going aggregation, is converted into disintegrated or 
pulpy disculoured matter. In short, the leaves are 
generally killed by this degree of heat ; but owing to 
differences of age or constitution, they vary somewhat 
in this resjiect. In one anomalous case, four out of 
the many glands on a leaf, which had been immersed 
in water raised to 156° {68°-8 Cent,), escaped beinp 
rendered porcellanous ; • and the protoplasm in the 
cells close beneath these glands underwent some 
slight, though imperfect, degree of aggregation. 

Finally, it is a remarkable fact that the leaves of 
Drosera rolu?tdi/olia, which flourishes on bleak upland 
moora throughout Great Britain, and exists (Hooker) 
within the Arctic Circle, should be able to withstand 
for even a short time immersion in water heated to a 
temperature of 145°.t 

It may be worth adding that immersion in cold 
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• As the opacity ami porceliiio- 
like appetiraiioe of tbe glajuli is 
probably due to the eoaeuliitioD 
of the albumen, I may add. OD the 
authority of Dr. Biuilon Bander- 
sou, that allumtn coagulates at 
about 155°, but, in presence nt 
aoida, the tompanituie of cniigiila- 
tion is lower. The lenvesof Dro- 
sera Dontain an noid, and perhii|i« 
a difTcrenoe in the amount p'>n- 
domtit for the nligbt 



differenced in the results abovH I 
recorded. J 

t It appears that oold-blooded { 
animals are, as might have beer 
lixpected, fai more eeasitive to u. 
increase of temperature tliun ia J 
DnMera. Thus, as I hear from Dm 1 
Burdon Sunderson, u frog begiiw. I 
to be diatresaod in water ill a t«m> 1 
perature of only M° Fahr- AlMP I 
the mUBolea buiome rigid, and tin 1 
animalditMinttslifleutidoaiiditiolt f 
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water does not cause any inflection : I suddenly placed 
four leayeSy taken from plants which had been kept for 
seyeral days at a high temperature, generally about 
75^ Fahr, (23°'8 Cent.), in water at 45'^ (7°-2 Cent.), but 
they were hardly at all affected ; not so much as some 
other leaves from the same plants, which were at the 
same time immened in water at 75° ; for these became 
in a slight degree inflected* 
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Nan-Ditrogeuoua fluida — Solutions of gum arabja ^ Sagai — Starch 
— Dilated aloobnt — Olive oii — iDfuiiiiin aud decoation of tea — 
Nitrogenous Huids — Hilk — Uriue — Liquid alliutncD — Infusion 
of raw meat — Impure mooiu — Saliva — Solution of iBJnglon — 
Diflbrence io the auCiou of tlieae two sets of fluidH — Dococtlon al 
groen puiu — DecoctioD and infusion of oabbagu — Decoction of ' 
graaa loaves. 

Whes, in 1860, 1 flrat observed Droaera, and was led to 
believe that the leaves absorbed niitritious matter from 
the insects which they cuptureJ, it seemed to me a 
good plan to make some preliminary trials with a few 
common fluids, containing and not containing nitro- 
genous matter ; and the results are worth giving. 

Id all the following cases a drop was allowed to &U 
from the same pointed instrument on the centre of the I 
leaf; aud by repeated trials one of these drops waa 1 
ascertained to be on an average very nearly half a ] 
minim, or -^ of a fluid ounce, or -0295 ml. But thesB I 
measurements obviously do not pretend to any strict 
accuracy ; moreover, the drops of the viscid fluids were 
plainly larger than those of water. Only one leaf on 
the same plant was tried, and the plants were col- 
lected from two distant localities. The experiments 
were made during August and September. In judging 
of the effects, one caution ia necessary : if a drop of 
any adhesive fluid is placed on an old or feeble lenf, 
the glands of which have ceased to secrete copiously, 
the drop sometimes dries up, especiallv if the plant i 
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is kept in a room, and some of tlie central and aub- 
biarginal tentacles are thus drawn together, giving tu 
tliem the false appearance of having become inflected. 
This sometiiuos occurs with wut^r, as it is rendered 
adhesive by mingling with the viscid secretion. 
Hence the only safe criterion, and to this alone I 
have trusted, is the bonding inwards of the exterior 
tentacles, whicJi have not been touclif*! by the fluid, or 
at most only at their bases. In this case the move- 
ment is wholly due to the central glands having beeu 
stimulated by the fluid, and transmitting a motor 
impulse to the exterior tentacles. The blade of the 
leaf likewise often curves inwards, in the same manner 
as wlien an insect or bit of meat is placed ou the 
disc. This latter movement is never caused, as far 
as I have seen, by the mere drying up of an ad- 
hesive fluid and the consequent drawing together of 
the tentacles. 

First for the non-uitrogenouB fluids. Aa a pre- 
liminary trial, drops of distilled water were placed on 
between thirty and forty leaves, and no effect whatever 
was produceii ; nevertheless, in some other and rare 
esses, a few tentatdes became for a short time in- 
flected; but this may have been caused by the 
glands having been accidentally touched in getting 
the leaves into a proper position. That water should 
produce no eflbct might have been anticipated, as 
otherwise the leaves would have been excited into 
movement by every shower of rain, 



Oum arahir. — Solutions of four degrees of strength were made ; 
one of sii graidB to the ounce of wat^r (one part to 78) ; a second 
r»ther Btronpor, yet very tliin ; a third moderately thick, and a 
fourth Eo tliick that it would only just drop from n pointed 
ingtrument. These were tried on foiuteen leavoa ; the drops 
being left ou the disea from 'i4 hrB, to 44 hrs. ; genemlly about 
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^H ilO hn. Inflection wiis never thus caused. 

^^t to try pure gum arabic, fur a friend tried a solution bought 

^1 rendj' prepared, and this caiiEed the t^utiuics to bend ; but be 

^H artenrarda asccttnined that it contaiu»l much auimal matter, 

^M prubably glue. 

^H Huyar. — Drops of ft soiution of wiiite sugnr of tlireo etrcDgths 

^B (the weakest containing one part of sugar to 73 of wnter) vere 

H^ left on fourteen tcavcH from 32 hrs. to ^ hrs. ; bnl no effect was 

produced. 

iVarc/i.— A mixture about ax thick as cream wftg dropped ob 
six loaveB and left on them for 30 hrs., no effect being produced. 
I am surprised at this fact, as I believe that the starch of com- 
merce generally contains a trace of gluten, and this nitrogenoua 
aubstauce cftuees inflection, as we shall see in the next chaptet. 
AlealuJ, Diluted.— Ona part of alcohol was added to seven of 

I water, and the usual drops were placed on the discs of three 

leaves. No inflection ensued iu the course of 48 hrs. To ascer- 
tain wliothcr these leaves had 1>een at all injured, bits of meat 
were placed on them, and after 21 bns. they were closely inflected. 
I also put drops of sherry-wine on three other leaves; no infleo- 
tjon WHS caused, though two of them scorned somewhat, injured. 
We sliuil hereafter see that outK)ff leaves inunersed in diluted 
alcohol of the above strent^b do not liecome iuflected. 

(W/weOi/.— Drops were placed on the discs of eleven leavas, »nii 
DO effeat waa produced in from 2^ hrs. to 48 hrs. Four of theoe 
leaves were then tested by bits of meat oil their discs, and threa 
of them were found after 34 hrs, with all their tentacles and 
blades closely inflected, whilst the fourth hod only a few ten- 
tacles inflected. It will, however, be shown in a future plao^ 
that cut-off leaves immencd in olive oil are powerfully aflected. 
Jnfusif.n and DerocHon <•/ 7W/,— Drops of a strong infusion lud 
decoction, aa well as of a rather weak decoction, of tea were 
placed on ten leaves, none of which t>ecame inflected. I afleiv 
wards tested three of them by adding bit^ of meat to the drops 
which still remained on their discs, and when I examined theitt 
after 24 hrs. they were closely inflected. The chemical principle 
of tea, namely theine, was subsequently tried and prodoced no 
effect. Tint albuminous matter which the leaves must originally ■ 

I have contained, no doubt, had been rendered insoluble by their 
having bbCD oomplet-ely dried. 



I 



We thus see that, excluding the experimeiita with 
water, sixty-oLe leavoa were tried with drops of tha 
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ulaive-nanipd non-nitrogenous fluids; and the tentadcs 
«<!re not in a single case iuilccted. 



With respect to nil.roKoiioiw fluiJB, the first which winiti to 
hand vera tried. The uiperimeDts wore irmJo ut tho biuuo 
time and iu cxiutl; tlio same maaner na tho furegoiiig, 
Ab it was inimtxiintuty evident that these fluids iiniduttxl a 
gn'ftt effect, I neglect*"! in most cases to record how soon tho 
t«n1acles became ioflectod. But this alwaja occurred in Iom 
than 24 hrs. ; whilst tlic drops of non-nitrogeuous fluids which 
produced no effect were observed iu every case during a 
coiisideraUy longer period. 

.l/i'/ili.— Drops were plnccd on tiitecn leaves, and the tentacles 
of nil, aa well as the blades of Bcveral, soon liecame greatly 
iiifle<!lud. The periods were recorded in only three cafies, 
namely, with leaves on which unusually small dropa had been 
placed. Their tentacles were Romewhat inSocted iu 4G m. ; 
and after 7 hrs, i^ m. the blades of two were bo much curved 
iuvardH that they formed little cups eneiomng the drops. 
These leaves re^exponded on tlio third day. On another occa- 
sion the blade of a leaf was much iuflecled in 5 hra. after a 
drop of milk had Ivcn placed on it. 

tluraan I'rint. — Drojis were placed on twelve leaves, and the 
t«9itacle8 of all, with a single exception, became greatly inflected. 
Owing, I prKHume. to differences in tho chemical nature of the 
nrine on different occasions, the lime required fiH- the movements 
of the tentacles varied much, hut van always effected in nnder 
24 hrs. In two instances I recorded that all Ihe exterior ten- 
tacles were completely inflected in 17 hrs., but not the blade of 
the leaf. In another com the edgee of a leaf, after 25 hrs, 
SO m., became so strongly Inflected that it was converted into a 
cnp. The jKiwer of nrine does not lie in the urea, which, is 
we shall hereafter see, is inoperative. 

Albumen (fresh from a hen's eg^), placed on seven leaves, 
eansed the tentacles of six of them lo be well inflected. In one 
case the edge of the leaf itself became much curled in after 
UO hrs. The one leaf which was unaffected remained so for 
'J6 hn., and was then treated with a drop of milk, and this 
caused tho tentacles to bend inwards in 12 hrs. 

C>Jd rUlrird ltif.-ii«n of Ha;: ^/eK.— This WM tried only on a 
single leaf, which had mo^t of its outer tentseles nnd the blade 
inflected in 19 hrs. During subsequent years, J repeatedly 
BBed this infusion to test leavesj which hod been ei:jx.Timented 
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on with other eubelnuces, and it was found to act moBt o 
geticolly, but as no ei:a<:t account of these trials wits kept, th^ 
are not here introduced. 

Mucin, — Thick and thin mucue from the bronchial tubes, 
placed on three leaves, caused inflection. A leaf with thin 
mucus hod its marginal tentacles and blade Komewhat curved ' 
inward in 5 hrs, 30 m., and greatly so in 20 hrs. The action of | 
this fluid no doubt is due either to the saliva or to some albu- 
minous matter* mingled with it, and not, aa wo shall see in the | 
next cliapter, to mucin or the chemical principle of mucus. 

Saliim. — Human saliva, when evaporated, yioldst from 1'14 t< 
1*19 per cent, of residue ; and this yields 0*25 per cent, of oshee, 
to that the proportion of nitrogenous matter which saliva oon- 
tains must be emall.^ Neveiiheless, drops plai-ed on the discs of 
eight learea acted on them all. In one case all the exterior t«n- 
tacles, excepting nine, were inflected ijil9hrs. 30 m. ; in another 
case a few tjecanie so in 2 hrs., and after 7 hrs. 30 ni. all those 
situated near where the drop lay, as well as the blade, were 
acted on. Since making these trials, I have many e 
times just touclied glands with the handle of my scalpel wetted < 
with saliva, to ascertain whether a leaf was in an active condi- 
tion ; for this was shown in the course of a few minutes by the I 
bending inwards of the tentacles. The edible nest of the Chinees j 
swallow is formed of matter secreted by the salivary glands; two 1 
grains were added to one ounce of distilled water (one part to 2 1 S), . j 
which was boiled for several minutes, but did not dissolve the \ 
whole. The usual-sized drops were placed on three leaves, and 1 
these in 1 hr. 30 m. were well, and in 2 hrs. 15 m, closely, < 
inflected. 

Iiiagltiss. — Drops of a solution about on thick as milk, and <rf ■ 
a still thicker solution, were placed on eight leaves, and the teu^'l 
tacles of all became inflected. In one case tiie exterior tentacles. J 
were well curved in after 6 hrs. 30 m., and the blade of the leaf g 
to a partial extent after 24 hrs. As saUva acted so efflcientlj, J 
aud yet contains so small a proportion of nitrogenous matter, X '\ 
triedhowsmullaquantity of isinglass would act. One part wu. I 
difisolved in 218 parts of distilled water, and drops were plan 
on four leaves. After 5 hrs. two of these were considerably ai 
two moderately inflected : after 22 hrs. the t'lirmer were greatly | 
and the latter much more inflected. In the course of iShia^j 



* ManuB from the aJr-paxeagea to contain Bome nlbnmen. 
Ih KLia in Morsbiill, 'Chitlinea of t Muller'a*KlementBofFhyii> I 
Physiology," vol iL 18(17, p. 364, logy," tjig. Truiia. vol. i. p. 514. ' 
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from tbo tune when tlio drops were iiloced on tlio teaTes, nil 
fuur had almost re-expauded. They weru then gifuu little bita 
of meat, and these B(!ted more powerfully than the solution. 
One part of iainglass was next dissolved in 4v^ of water; the 
fluid thus formed was bo thin that it could uot be distinguished 
from pure water. The nsoal-sized drope were placed on seven 
leaves, each of which thus received j-J^ of a grain ('O'iilo Dig.). 
Three of them wore observed tor 41 hrs., but were in no way 
aS?oted; the fourth and Rfth hod two or three of their eiLteriur 
lentoclei) inflected after lU hr«. ; the faixth hnd a few more ; 
Atid the seventh had in addition the edge of the leaf just 
perceptibly curved inwards. The tentacles of the four latter 
iMTes began to re^spand after an additional interval of only 
8 hre. Hence the ^ of a grain of isinglass is snffleient to affect 
Tory sHghlly the more sensitive or active leaves. On one of the 
leaves, which hod not been acted on by the weak solution, and on 
aaothcr, which had only two of its tentacles inflected, drops of 
the solution as thick im milk were placed ; and next morning, 
»ftcr an interval of 16 hrs., both were foimd with all their ten- 
tacles strongly inflected, 

Altogether I experimente<l on sixty-four leaves 
with the above nitrogenous fluids, the five leaves 
tried only with tho extremely wejtk solution of iain- 
glass not being includijd, nur the numerous trials 
Bnbeequcntly made, of which no esaet account was 
feept Of these sixty-four leaves, sixty-three had their 
tentacles and often their blades well iuflected. The 
one which failed was probtibly too old and torpid. 
But to obtain so large a proportion of successful 
cases, care must be taken to select ypuug and active 
leaves. Leaves in this cunditiou were chosen with 
equal (Mim for the sixty-ono trials with non-nitro- 
genous fluids (wat^r not included); and we have seen 
that not one of these was in the least affected. We 
may therefore safely conclude that in the sixty-four 
experiments with nitrogenous fluids the inflection of 
the exterior tentacles was due to the absorption of 
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^M nitrogenoua matter by the glands of tbe tectaclea 

^B on the disc. 

H^ Some of the leaves which were not affected Ity the 

non-nitrogenous fluids were, as above stated, imme- 
diately afterwards tested wifh bits of meat, and wers 
thus proved to be in un active condition. But in 
addition to these trials, twenty-tiiree of the leaves, 
with drops of gum, syrup, or starch, still lying on 
their discs, which had produced no effect in the course 
of between 24 hrs, and 48 hrs., were then tested with 
drops of milk , urine, or albumen. Of tbe twenty-three 
leaves thus treated, seventeen had their tentacles, and 
in some cases their blades, well inflected ; but their 
powers were somewhat impaired, for the rate of move- 
ment was decidedly slower than when fresh leaves 
were treated with these same nitrogenous fluids. This 
impairment, as welt as the insensibility of sis of the 
leaves, may be attributed to injury fium exosmose, 
caused by the density of the fluids placed on their 
disf^. 

The rceulU of a few otlier experiments with nitrogenous fluids 
may be here conveniently giren. Decoctions of eome vegetable^ 
known to be tioh in nitrogen, were made, and theae acted lika 
ftiiimal fluids. Thus, a, few ifretn pnw wore boiled for Bome tune 
in distilled water, and the modeiately thick decoctioQ thus mads 
was allowed to settle. Drops of the superincumbent fluid wero 
plftcfld on four leaves, and wben these were looked at after 
IG hrs., tbe tentacles and blades of all were found Btrongly 
inflected. I infer from a remark by Gcrhardt* that legumiu in 
present in peas " in combination with an alkali, forming an 
incoagulable solution," and this would minglo with boiling 
water, 1 ma.v mention, in relation to the above and 
experimentB, that according ia Schlfff certain forms of 
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• Watts' ' Diet, of Oliemistry,' Digestiim,' totn. !. p. 

i1. iii. p. 568. i'. pi>. 154, IBlj, on legtimin, 

t ' Luijona sui la FbjB. de la 
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exist wbkh an) iiot cunguluted by bciiliog water, but are «m- 
TiTti-tl into (ioliiblu peptones. 

On tliree occasious chopped cubbage- ! oaves * were boiled in 
diKlillcl vatfsr fci 1 lir. or for 1\ hr. ; adiI hy dcoauting the 
de(H)ctioii after it had been allowed to rest, a [mlu djrty green 
fluid was obtained. The nsual-RiKed drops were placed on 
thirteen leaves. Their tentacles and blsdes were inflected after 
4 brs. to a quite eitroDrdiuary dcgrea. Next day the protoplafm 
within the ccIIb of the tcntAoles was fonnd ap^^regaled in the 
niiiet stronglj* marked manner. 1 also tonehcd the viecid seore- 
lion round the glands of sereml IcDtacles with minute drops of 
the decoction on the hend of a smM pin. and they b<»^auis well 
infliicted in a few minutes. The fluid proving so puverful. one 
part was diluted with thrtw of wntor, and drops were placid oa 
the discs of five leaves; and these next morning were so much 
acted on that their blades were completely doubled orer. We 
tbua see that a dfMMotion of cab))age-Ieavt« is neitrly ur qnite oa 
potent as an infusion of raw meat. 

About the same quautity of chopped cabhogi.'-l oaves and of 
distilleid water, aa in the last exiwriiiieDt, were kept in a veswl 
for 20 hi& in a hot oloeet, bnt not heated to uear the boiling- 
point. Drops of this infusion wero placed on four Imites. One 
of these, after '23 \m., was much iufleoted ; a second slightly ; a 
third had only the submarginal tentacles inflected ; and the 
fbtuth WBs not at all affected. The power of this iufaaion is 
ttaerufore very much less than that of the decoction; and it is 
olew that the immersion of cabbage- 1 caves for au hour in water 
kt the boiling teniperatnro is much more cfBctcut in extracting 
r which excit4:a Droscra thtui immersion during many 
boom in worm water. Perlups the contents of the ceils am 
protected (as Schiff remarks with respect to legnrain) by the 
valla being formed of cellulose, and that until these are rup- 
tored by boiling- water, but little of the contained albuminoua 
ir in dissolved- We know from the strong odour of cooked 
cabbage-leaves tliat luiliug water i)roducfi< some chemical 
change in tliem, and that they are thus fLudercd far more 
digestible and nutritious to man. It is therefore nn interesting 



* The loovDB of young plflnCa, aud the outer leiiVRB oT matun 

before the heurt is formed, Buab plants I'Q per oenl. Wutla' 'Diet 

■■ were tued by me, contain 2'1 of Chemistry,' vol. i, p. G53. 
par oent of albuminous matter, 
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bet that wntct at this ttimpcniture estncU matter ^om tfaem 
which excites Braeera to an extmordiBary degree. 

GraaseB coDtsin far Icbr niti^enoiui matter than do pees or 
cabbages. The leaves and Btaike of three commoii kinde were 
chopped and boiled for Eorae timo in distilled water. Drops 
of this decoction (after havicg stood for 24 hrs.) were pluoed 
□u six loaveH, and acted in a rather peculiar manner, of which 
other instauces will be given ia the seTenth chapter on the 
Baits of ammonia. After 2 hra. 30 m. fonr of the leaves had 
their blades greatly inflected, but not their exterior tentacles; 
and so it was with all six leaves after 24 hrs. Two days after- 
words the blades, as well as the few Bubmat^inal tentacles which 
hod been inflected, all re-expaitded ; and much of the finid on 
their discs was by this time alisoriied. It appears that the de- 
ooctioD strongly excites the glands on the disc, causing the blade 
to be quickly and greatly inflected; but that the stimulus, dif- 
ferently from what occurs in ordinary cases, does not spread, <a 
only in a feeble d^;roe, to the exterior tentacles. 

I may here add that one part of the extract of belladonna 
(procured from a druggist) was dissolved in 437 of water, and 
drops were placed on six leaves. Next day all six were some- 
what inflected, and aFier 48 hrs. were completely re-expanded. 
It was not the included atropine which produosd this effect, for 
I subsequently ascertained that it is quiie powerless. I also 
procured some extract of hyoscyamus from three shops, and 
made infrisions of the same strength as before. Of these throe 
inftisions, only one acted on some of the leaves, which were 
tried. Though druggists believe that all the albumen ia pre- 
cipitated in the preparation of these drugs, I cannot doubt that 
some is occasionally retained ; and a trace would be BUfficJent 
to excite the more sensitive leaves of Droeerft. 
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CHAPTER Vr. 

Tat DiowTiTE PuwEa or the Sbl-hftiu^ or OiionnA. 

The •e>:KtioQ rendered add hy tbc dinfit and indirdot exoilement of 
the glands — Nutuiv of the said — Digi-atible aubetunces — Albu- 
taea, ita digBBtiiiii arrMtod bjr aikalitw, nsmniiuL-DCt'ii b; the sddl- 
tioD of OD Oisiii — Meat — Fibriu — Syntoaia — AreoUr tiaaue^ 
CaKilat^ — I^bro-cartiluge — Bone ~ Eriamii) and dtntine — Phoa- 
phala of liiue — Fibtouu boats of boiiu — Qolalins — ^ChoDdrin — 
]lilk,(9Uiiiii aud eheeae — Gluten — hugianiii — FoUuo — Globulin 
— HuDiatiD — tndigOBtible aubetancea — Kpidunuic productions — 
Fibro-elastic Eiaaue — Mucin — Pep«in — I'rea — Cbitine ^ Cellu- 
Iciae — Gun-cotton — Chlorophyll — Fat and oil- — Starch — Action 
of the aBcretion on living aecdu — gmaimu-j and oODoludiiig 
remailu. 

AjB we huYe seen that uitrogenous fluids act very 
differently on the leaves of Jiroaera from non-nitro- 
genous fluidii, and as the leaves remain clasped for a 
mnch longer time over various organic bodies than 
over inorganic bodies, such as bits of glass, cinder, 
wood, &c,, it l>ecome8 an interesting inquiry, whether 
they can only absorb matter already in solution, or 
render it soluble, — that is, have the power of digestion. 
We shall immediately sec that they certainly have this 
power, and that they act on albuminous compounds in 
exactly the same manner as does the gastric juice of 
mammals; the digested matter being afterwards ab- 
sorbed. This fact, which will be clearly proved, is a 
wonderful one in the physiology of plants. I ^ust 
here state that I have been aided throughout all my 
later experiments by many valuable suggestions and 
assistance given me with the greatest kindness by 
Dr. U union Sanderson. 
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^H It may be well to premise for the sake of any readei * 

^M who knows nothing ubout the digestion of albuminous ] 

^H compounds by animals that this is effected by means , 

^H of a ferment, pepsin, together with weak hydrochloric ' 

^M auifl, though almost any acid will serve. Yut neither 

^r pepsin nor an acid by itself has any such power.* 

We have seen that when the glands of the disc are 
excited by the contact of any object, espeeially of I 
one containing nitrogenous matter, the outer ten- 
tjicles and often the blade become inflected ; the leaf j 
being thus converted into a temporary cup or sto- 
mach. At the same time the discal glands secrete 
(more copiously, and the secretion becomes acid. 
Moreover, they transmit some influence to the glands 
of the exterior tentjicles, causing them to pour forth', 
a more copious secretion, which also becomes acid or 
more acid than it was before. 

As tiiia result is an im^wrtant one, I will give the ■ 
evidence. The secretion of many glands on thirty I 
leaves, which had not been in any way excited, 
tested with litmus pa]>er ; and the secretion of twenty- i 
two of these leaves did not in the least affect the colour, 
whereas that of eight caused an exceedingly feebts ' 
and sometimes doubtful tinge of red. Two other 
old leaves, however, which appeared to liave been in- 
flected several times, acted much more decidedly ott 
the paper. Particles of clean glass were then placed 
on five of the leaves, cubes of albumen on six, and j 
bits of raw meat on three, on none of which was tha . 
secretion at this time in the least acid. After an | 
interval of 24 hrs., when aliuost all the tentacles on i 



* It appears, boAevar, luword- tlioueh slowly, a. very minnta - 

ing to Sdiiff, and coatrui; to UiS iiuiuitiljr of coaKiilated albumeiL 

oumian of Bome phj-siolDKiota, Sell iff, 'PhjB. do U Dit^tUni,* '' 

that weolc h;^dr<:ichIoriD diuolvua, t<>iu. ii. IfST, fi. 'iS 
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these fourteea leaves had become more or less in- 
flected, I agiim teHted the secretion, aclecting glatida 
which bad not as yet reached the centre or touched 
any object, and it was now plainly acid. The degree 
of acidity of the secretion varied somewhat on the 
glands of the same leaf. Un some leaves, a few ten- 
tacles did not, from some unknown cause, become in- 
fleeted, as often happens ; and in five instances their 
secretion was found not to bo in the least acid ; 
iriiilst the secretion of the adjoining and inflected 
tentacles on the same leaf was decidedly acid. With 
leaves excited by particles of gloss placed on the 
central glands, the secretion which collects on the 
disc beneath them was much more strongly acid 
than that poured forth from the exterior tentacles, 
which were as yet only moderately inflected. When 
bits of albumen (and this is naturally alkaline), or 
bits of meat «ere placed on the disc, the secretion 
collected beneath them was likewise strongly acid. 
As raw meat moistened with water is slightly acid, I 
compared its action on litmus paper before it was 
placed on the leaves, and afterwards when bathed in 
the secretion ; and there could not be the least doubt 
that the latter was very much more acid. I have 
indeed tried hundreds of times the state of the secre- 
tion on the discs of leaves which were inflected over 
various objects, and never failed to find it acid. We 
may, therefore, conclude that the secretion from un- 
excited leaves, though extremely viscid, is not acid or 
only slightly so, but that it becomes acid, or much 
more strongly so, after the tentacles have begun to 
bend over any inorganic or organic object ; and still 
mure strongly acid after the tentacles have remained 
for some time closely clasped over any object 
I may liere remind the reader that the 
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appears to be to a certain extent antiseptic, as it 
checks the appearance of mould and infusoria, thus 
preventing for a time the discoloration and decay of 
such sulwtances as the white of an egg, cheeBBj &o. 
It therefore acta like the gastric juice of the highei 
animals, which is known to arrest putrefaction hy 
destroying the microzymes. 



Aa I was anxious to leom what acid the eecretion containedj 
445 leaves wero washed id distilled wuter, given me b.v Prof, 
Fraukland; but the secrelion is so viscid that it ia scareelj 
possible to scrape or wash off the whole. The conditioiw 
were alao unfavourable, ns it was late in the year and the 
leavea were Binall. Prof. Fraukland with great kindness under- 
took to test the fluid thus collected. The leavea were axe, 
by clean particles of glass placed on them 24 hrs. previously. 
No doubt much more acid would have been secreted had the 
leaves becu excited by animal mfttter, but tliia would have 
rendered the analysifl mors difficult. Prof. Fraukland informs 
me that the fluid contained no trace of hydrocliloric, sulphurio, 
tartaric, oxalic, or forniio acida. Tliis baviug been ascertained, 
the remainder of the fluid was evaporated nearly to drynesa, and 1 
acidilied with sulphuric acid; it then evolved volatile acid \ 
vapour, whioh was condensed and digcfited with carbonate c^ 1 
silver. " The weight of the silver salt thus produced was only I 
■37 gr , much too small a quantity for the accurate determine- I 
tion of the molecular weight of the acid. The number oblainedt.J 
however, corresponded nearly with that of propionic acid ; and 1 
I believe that this, or a mixture of acetic and butyric acids, wen ' 
present in the liquid. The acid doubtless belongs to the acetia 
or fatty scries." 

Prof Fraukland. as well as his assistant, observed (and thii ) 
is an important fact) that tlie fluid, " when acidilied with snl- " 
phuric acid, emitted a powerful odour like that of pepsin." 
The leaveii from which the secretion had been washed were 
also sent to Prof Frankland; they were macerated for Bonw 
hiiurs, then acidilied with sulphuric acid and distilled, bnt no* 
Bcid passed over. Therefore the acid which fresh leaves ocm* 
tain, as shown hy their discolouring litmus paper when cniahed, 1 
must be of ft different nature from that present in the secretiuik ' 
Nor WHS any odour of pepsin emitted by them. 
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Allliough it has lotig been knon-D that pt'iisin with acntia 
acid has tlie power or digesting BlhuminouB compounda, 
it Appeareil advisable tu ascertain vhether acetic acid could 
he Rtplftcel, without the loss of digestive power, lij Ihn 
Al1ii.-<t acids which are believed to oi^cni; in the secretion 
of Drmtera, namely, propionic, butyric, or valerianic Dr. 
Burdun Sanderson was so kind aa to make for me the follow- 
iog eiperiuieDiA, the reaalts of which arc valuable, iudepon- 
duntly of the present inquiry. Prof. Fronkland supplied th« 

" 1. The purpose of the following eiperimonts was to deter- 
mine the diguHtive activity of liquids containing pepsin, when 
acidulated with certain volatile acids belonging tu the acetic 
scries, in coia^iarigoD with liquids acidulat^cl with hydrochUirio 
acid, in proportion similar to that in whicli it exists in gostriu 

"i. It has tKaen determined om])irically that the best results 
are obtained in arti&ciul digostiou when a liquid containing two 
per thousand of hydrochloric acid gas by weight is used. This 
corr^ponda to about 6*25 cubic centimetres per litre of ordinary 
atrong hydrochloric acid. The quantities of propionic, butyric, 
and valerianic acids respectively which arc required to ncutmlise 
as much base ae 6'25 cubic centimetres of UCl, are in grammes 
im of propionic acid, 4'82 of butyric acid, and 5'tm of valerianic 
acid. It was therefore judged oipedienl, in comparing tlio 
lowers of these acids with that of hydrochloric acid, to 
use them in these proportions. 

"S. Five hundred cub. cent, of a liquid containing about 
8 cab. cent, of a glycerine extract of the mucous membrane of 
tbe stomach of a dog killed during dig^tion having been pre- 
pared, 10 cnb. cent of it were evaporated and drie<l at 110°. 
This quAutity yielded 00031 of residue. 

"4. Of this liquid four quautitiea were taken which were 
aeverally acidulated with hydrochloric, propionic, butyric, and 
valerianic acids, in the proportions above indicated. Each 
Uquid was then placed in a tube, which was allowed to float iu 
a water bath, containing a thermometer which indicated a 
temperatare of 38° to 40° Cent Into each, a quantity of un- 
boiled fibrin was introduced, and tbe whole allowed to stand 
for ionr hour^, the tomiieraturo being maintained during the 
Thole time, and care being taken that each contained through- 
out an excess of fibrin. At the end of the period each liquid 
was filtered- Of the flitralo, which of course contained as 
much of the libi'jn as luid been digested during the four houiv, 
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10 cab. cent, were meaanred out and evaporated, and dried at 
110° as before. The residues were respectively — 

" In the lii^oid contaiuing hydrochloric acid 04079 

„ propionic add 0O601 

butyric acid 0-1468 

„ „ valerianic acid 0'1254 

" Hence, deducting from each of theee the above -mentioned 
residue, left when the digestive liquid itself was evuporated, 
viK. 00031, we have, 

" For propionic acid 00570 

„ bntjrioacid 01437 

„ valerianic acid 01223 

as compared with 0*4048 for hydrochloric acid; these several 
numbers eipressing the quantities of fibrin by weight digested 
in presence of equivalent quantities of the respective adds 
nnder identical conditions. 

" The results of the experiment may be stated thus : — If 100 , 
represent the digestive power of a liquid containing pepsin witii i 
the nsual proportion of hydrochloric acid, 14-0, iJ5-4, and 80i^ J 
wilt represent respectively the digestive x»werB of the three I 
acids under investigation. 

"5. In a second experiment in which the procedui 
every respect the same, excepting that all the tubes were , 
plunged into the same water-bath, and the residues dried at 
115° C, the results were as follows ;- 

"Quantity of fibrin dissolved in four hours by 10 cub. cent 
of the liquid— 

"Propionic acid .. .. .. 0'0563 

Butyric acid 00835 

Valerianic acid .. .. .. O'OGIS 

^L "The quantity digested by a similar liquid containing . 

H hydrochloric add was 0*3376. Hence, taking this as 100, tbt 

^M following numbers represent the relative quantities digested . 

^M by the other acids : 



"Propionic acid .. .. - li 

Butyric acid .. .. 2' 

Valerianic acid ,. .. .. li 

" 6. A third experiment of the same kind gave : 
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" Qtumtit; of fibrin digested in fom boors b; 10 cub. oenL 

•f the liquid : 

" Hydrochloric acid .. .. 0-2915 

Propionic wid 01490 

BntKioadd O-VM 

Xtierianicaad 0-05'JO 

" Catoparmg, as before, the three last numbers with the fiist 
taken as 100, the digestive power of propionic acid in repre- 
■eated by 16'8; that of butyric acid by 35'8; and that ot 
Talerianic by 17'8. 

"The mean of these three sets of observations (hydrochlorio 
Kid being tnktn as 100) gives for 

" Propionic acid .. .. 15'8 

Butyric acid 82-0 

Talerianic acid 311 

"7. A further experiment was made to ascertain whether the 
digeetive activity of butyric acid (which was selected as being 
apparently the most efflcHcious) was relatively greater at ordinary 
temperatures than at the temperature of the body. It was 
found that whereas 10 cub. cent, of a liquid coutaining the ordi- 
nary proportion of hydrochloric acid digested O'lSil gramme, 
a similar liquid prepared witii butyric acid digcuttd O'OIGS 
granune of fibrin. 

" Eenco, taking the quantities digested with hydrochloric acid 
at the temperature ot the body as 100, we have the digestire 
power of hydrochloric acid at the temperatitro of 16° to 18° 
Cent represented by M^i tliot ot butyric acid at the same 
toniperatnre being 156." 

'We here see that at the lower of these two temperatures, 
hydrochloric aoid with pepsin digests, within the same time, 
rather less tlian half the quantity of fibrin compared with 
what it digests at the higher temperature ; and the power of 
bntyrio acid is reduced in the eame proportion under similar 
conditions and temperatures. We have also seen that butyric 
add, which is much more efficacious than propionic or rale- 
tianic acids, digests with pepsin at the higher toropt-rature kns 
than a third of the fibrin which is digusttd at the dame tempera- 
ture by liydrochloric acid. 
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I will now give in detail my experiments on the 
digestive power of the secretion of Droaera, dividing 
the Bubatances tried into two seriea, namely those 
which are digested more or less completely, and those 
which are not digested. We shall presently see that 
ail these siibatttneea are acted un by the gastric jnice 
of the higher animals in the some manner. I beg 
leave to call attention to the experiments under the 
head albumen, shoiWng that the secretion loses ita 
power when neutralised by an alkali, and recovers it 
when an acid is added. 



Substances which are completelif or partiaUi/ digetted iy 
the Secretion of Drosera. 
AUmmen.^AiteT having tried various substances. 
Dr. Burdon Sanderson suggested to me the use of cubes 
of coagulated albumen or hard-boiled egg. I may pre- 
mise that five cubes of the same size as those used in 
the following experiments were placed for the sake of 
comparison at the same time on wet moss close to the 
plants of Drosera, The weather was hot, and after four 
days some of the cubes were discoloured and mouldy, 
with their angles a little rounded ; but they were not J 
surrounded by a zone of transparent fluid as in the 
case of tliose undergoing digestion. Other cubes ' 
retained their angles and whito colour. After eight , 
days all were somewhat reduced in size, discoloured, i 
with theii' angles much rounded. Nevertheless in 
four out of the five specimens, the central parts were i 
still white and opaque. So that their state differed 
widely, as we shall see, from that of the cubes sub- 
jected to the action of the secretion. 
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■dditionnE iltk)* the aofiles of the culies were <IiRRoIved lutd 
rounded ;* but tho tulKS wero too large, bo tbnt tho leaves 
vere injured, and after sereii days onu died Biid the otht'i-s 
were d>'ing. Albumen wliicb has been ki;pt for four or five 
da^, and which, it may be presumed, has begun to deony 
slightly, BceniB to act more quickly than frei^hly boiled eg(;s. 
Ab the latter were generally used, I often moistened lliem 
with a little saliva, to make the tentacles cluae more 
quickly. 

Ei/erinvtit 2.— A cube of -fg of an ineb (i.e. with each side 
•^ of an incli, or 2'54 mm., in length) was placed on a leaf, and 
kfter 50 hrs. it was converted into a sphere about ^ of on inch 
(liKI5 mm.) in diameter, surrounded by perfectly transparent 
fluid. After ten dayN the leaf re-expanded, but there was stiJl 
left on the disc a minutv bit of albnmen now rendered trans- 
parent. More alburoco hod been given to tliis leaf than could 
be dissolved or digested. 

JCtcpsiiment 3. — Two culws of altnimeu of ^ of an inch 
(1 27 inm.) were plneed on two leaves. After 46 hrs. every 
atom of one wa§ dissolved, and mo6t of the liquefied matter 
was absorbed, the fluid which remained being in this, as in all 
other cases, very acid and viscid. 'Die other cube was acted 
on at a rather slower rate. 

Exfirriiiunl 4. — Two cubes of albumen of the same size as 
the last wero placed on two leaves, and were eonverled in 
50 hrs. into two lai^o drojja of transparent fluid ; but when 
these wero removed from beneath tho iuflected tentacles, and 
viewed by reflected light under the microscope, flue streakH of 
white opaque matter could be seen in the one, and traces of 
similar streaks in the other. The drops were rejilacod on the 
leaves, whicb re-eipandod after 10 days ; anil now nothing 
was left except a very little transparent acid fluid. 

Jixperiinr'ni 5. — This experiment was sUghlly varied, so that 
the albumen might he more quickly exposed Ut the action of tho 
Bocretion. Tw-i cubes, each of about -^ of au inch (■63o mm,), 
wore placed on the same leaf, and two similar ciil>es on another 




* In all my niunamiu cxperi- 
mta on the digestion of cnhea 
of albumen, the ansles and edgea 
wero Invaiiahly ft rat rnundcd. 
Now, SohifT BtstcK ( ■ Le^one 
nhvs. de la Dtse*tii.ti.' vol. ii. 
Wr.p. UUy that thiB i- clmrno- 



teriatio of the digcation of albn- 
men by the gastrio jnloe of ani- 
mida. On the other hand, lie 
reiuarks, "les diuioliitions, ea 

fncc <luH oir[i)i i n onnlact avbC 
t'a^ont diKsuliiLTit." 
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lenf. These were esamined after 21 bre. 30 m., and all four 
were found rouaded. After 46 lire, the two cnbee on the one 
leaf were completely liciuefied, tho fluid being perfectly trans- 
pnrent; on the other leaf some opaque white streaks could 
still be seen in the miiUt of the fiuld. After 72 hrs. these 
Htreaks diHappeored, but there was still a, little Tiacid fluid 
left on the dine; whcreiia it whh almost all alisorbed on tho 
first leaf. Both leaves were now beginning to re-expand. 

The beat and almost sole test of the presence of 
some ferment analogous to pepsin in the secretion 
appeared to be to neutmliae the acid of the secretion 
with au alkali, and to observe whether the proeeaa 
of digestion ceased ; and then to add a little acid 
and obsorve whether the process recommenced. Hub 
was done, and, as wo shall see, with success, but it 
was necessary first to try two control experimeuta ; 
namely, whether the addition of minute drops of 
water of the same size as those of the dissolved 
alkalies to be used would stop the process of diges- 
tion ; and, secondly, whether minute drops of weak 
hydrochloric acid, of the some strength and size as 
those to be used, would injure the leaves. The 
two following experiments were therefore tried : — 

Esperiiiitnl 6. — Small cubes of albumen were put on three ' 
leaven, and minute drops of distilled water on tho head of a pin 
were added two nr three times daily. These did not in the 
least delay tho process; for, after 48 lirs., the eubes were com- 
pletely dissolved on all three leaves. On the Uiird day the 
leaves b£^n to re-expand, and on the fourth day all the fluid 
was absorbed. 

Exfrmiei'l 7.^-Small cubes of albumen were put on two 
leftveR, and minute drope of hydrochloric acid, of the eli-ength of 
one part to 497 of water, were added two or three times, Tlija 
did not in the least delay, but seemed rather to hasten, the 
process of digestion ; for every Irnce of the albumen disappeared 
in 21 hrs. 30 ro. After three days the leaves partially ro- 
ex))andcd. and by this time almost all tbe viscid fluid on theii 
disci< wus absorlxid. It is almost superfluous to state that 
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cnhea of ftllmraen of the same aiiM as tliose abovo use.), left for 
a dnjB in a little hydrochloric acid of the aliove eticngth, 
retained all their anf;les as perfect aa ever. 

Hvperimml B. — Cul*B of albumen (of ^ of an inc-h, or 2*54 
mm.) were placed on live leaves, and minute drupx of a eolu- 
tiOQ of one part of carbonate of soda to 437 of nalcr wore added 
at intcrvalR to three of Iheni, and drops of carlKiiinte of polniih 
of the same strength to the other two. The drops were given 
on the head of a rather large pin, and 1 ascertained that 
each was equal to about ^ of a minim ('0059 ml,), «o that 
each contiuned only ^^ of a grain ('OlSo mg.) of the alkali. 
This wits not sufBciont, for after 46 lirs. all live cubes were 
disfioWed. 

ExperiinnU 9. — The last oipcriweut was repeated on four 
leaves, with this difference, that drops of the some solution of 
carbonate of soda were added rather oftener, as often as tho 
■ecrotion became acid, so that it was much more effectnall; 
neutralised , And now after 24 bra. the angles of three of 
the cubes were not in the least rounded, those of the fourth 
being so in a very slight degree. Drops of extremely weak 
hydrochloric acid (via. one part, to 847 of water) were then 
added, just eeoiigh to neuti'nllse the alkali vhicb was still 
present; and now digestion immodialely reconinicnc«d, «o thst 
t&er 23 hm, 80 m. three of the culies wero completely dis- 
Rulved, whilst the fourth was converted into a minute t.pliei'c, 
Gnrroiinde'l by transitarenl fluid; and thin spln-ro nest day 
disappeared. 

Sxperiment 10.— Stronj-er solutions of cftrlvmate of soda and 
of polash were next used. viz. one part to 109 of water; and an 
the same-sized drops were givtn as before, each drop contained 
x^ of a grain (flJS'J mg.) of either salt. Two cubes of albu- 
men (each about ^ of an inch, or ■635 mm.) were placed on the 
8Mne leaf, and twu on another. Each Itiaf received, as soon as 
the secretion became slightly acid (and this occurred four tiujea 
vithin 24 hrs.), drops either of the soda or potash, and the acid 
WM thus effectually neutralised. The experiment now succeeded 
porfeclly. for after 22 hrs. the angles of the culies were as sharp 
as thoy were at first, and we know from experinieet 5 that such 
amoU culiea would have been completely rounded within Ihia 
time by the necretion in its natural stale. Some of the fluid whs 
now removnt with blotting- paper from the discs of the lenVHS, 
wkI minute drops of hydrochloric acid of the strength of cina 
part 1o 200 of water was added. Acid of this greater streiit-tli 
was used iLS the solutions of the alkalies were stroiii{er. 
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process of digestion now commfnoed, bo that within 48 hre. from 
the time when the acid was given the four cubes were not only 
comploteij dissolved, but imieh of the liquefied aihamen was 
absorbed. 

E'xperijrient 11. — Two cnl>e8 of albumen (^ of an inch, nr 
■615 mm.) were placed on two leaves, and were treated with 
alkalies as in the last experiment, and with the same result; 
for after 22 hrs. they hitd their angles perfectly sharp, Ghowing 
that the digestive process had t>een completely arrested. I thea 
wished to ascertain what would lie the oHcct of using stronger 
hydrochloric acid ; so I added minute drops of the strength of 
1 per cent. This proved rather too strong, for after 48 hrsL 
from the time when the acid was added one cube was etitl 
almost perfect, and the other only very slightly rounded, and 
both were stained slightly pink. This latter fact shows that the 
loaves were injured," for during the normal process of digestion 
the albumen is not thus coloured, and wo con thus undcrstAud I 
why the cubes were not dissolved, 

From these experiments we clearly see that the 
secretion has the power of dissolving albumen, and 
we further see th&t if an alkali is added, the process o£ i 
digestion is stopped, bat immediately recomraencM aa 
soon as the alkali is neutralised by weak hydi'ochlorio - 
acid. Even if I ha<l tried no other experiments than 
these, they would have almost sufficed to prove that 
the glands of Drosera secrete some ferment analo- i 
goiis to pepsin, which in presence of an acid gives 
to the secretion its power of di^olviug albuminous | 
compounds. 

Splinters of clean glass were scattered on a large , 
number of leaves.'and these became moderately in- | 
Hccted. They were cut off and divided into three | 
lota ; two of them, after being left for some time in ' 
a little distilled water, were strained, and some dia- 
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•i: 1874. p. 774). that oelU loiitter to esaipe ii ' " ■- ' 

lioh are killtd by freezing, by niUDitiujj water. 
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coloured, viscid, slightly acid fluid nas thus obtained. 
The third lot va» well aoaked in a I'c-w drojis of 
glycerinf, whith ia well known to dissolve pejwiu. 
Cubes of albumen (^'g of an inch) uure uuw pluced 
in the three fluids in watch-glasses, some of which 
were kept for several days at about 90° Fohr. 
( 3^'2 Cent.), and others at the tempcratuie of my 
room; but none of the cubes were iliBsuived, the 
ungles remaining as sharp as ever. This fact pro- 
Itably indicates that the fonnent is not secreted until 
the glands are excited by the absorption of a minute 
•luantity of already soluble animal matter, — a con- 
clusion which is snpjMTted by what we shall hereatter 
Bee with resp<;ct to Dionica. Vr. Hooker likewise found 
that, although the fluid within the pitchers of Ne- 
penthes possc'sses extraordinary power of digestion, yet 
when removed from the pitchers before they have 
I>een excited and placed in a vessel, it has no such 
power, although it is already acid ; and we can 
account for this fact only on the supposition that the 
proper ferment is not secreted until some exciting 
matter is absorbed. 

On three other occasions eight leaves were strongly 
excited with albumen moistened with saliva; they 
were then cut off, and allowed to soak for sever&l 
hours or for a whole ilay in a few drops of glycerine. 
Some of this extract was a<ldcd to a little hydro- 
chloric acid of various strengths (generally one to 
4tX> of water), and minute cubes of albumen were 
placed in the mixture." In two of these trials the 
i-nUs were not in the least acted on ; but in the third 
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^1 the cxptriment was sueceesful. For in a vessel cod- 

^H taining two cubes, both were reduced in size in 3 brs. ; 

^1 aud after 24 hrs. mere streaks of undissolved albu- 

men were left. In a second vessfl, euntaining two 
minute ragged bits of albumen, both were likewise 
reduced in size in 3 hra., and after 24 hrs. completely 
disappeared. I then added a little weak hydro- 
cliloric acid to both vessels, and placed fresh cubes 
of albumen in them ; bnt these were not acted on. 
This latter fact is intelligible according to the high 
authority of Schiff," who has demonstrated, as he 
believes, in opposition to the view hold by Bome 
physiologists, that a certain small amount of pepsin 
is destroyed during the act of digestion. So that if 
my solution contained, as is probable, an extremely 
small amount of the ferment, this would have been 
consumed by the dissolution of the cubes of albumen 
first given; none being left when the hydrochloric 
acid was added. The destntction of the ferment 
during the process of digestion, or its absorption after 
the albumen had been converted into a peptone, will 
also account for only one out of the three latter sets 
of experiments baviug been successful. 

Digestion of Boast Meal. — Cubes of about Vf ^^^ ^^ 
inch (1'27 mm.) of moderately roasted meat were 
placed on five leaves which became in 12 hrs. closely 
inflected. After 48 hrs. I gently opened one leaf, and 
the meat now consisted of a minute central sphere, i 
partially digested and surrounded by a thick envelope 
of transparent viscid fluid. The whole, without being 
much disturbed, was ."emoved and placed imder the 1 
niitToscope. In tJio central part the transverse strise j 
on the muscular fibres were quite distinct; and it ii 
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iiitcreating to ubaerve how graduully thoy disappeared, 
when the same fibre wua traced iiito the surruiiiiding 
fluid. They disappeared by the strite being replaced 
by tmnsverse lines tbrioed of excessively minutti dark 
points, which towards the exterior could be seen only 
nnder a very high )>ower; and ultimately these p<jiiits 
were lost. When I made these observations, 1 had 
not read Schiffa account* of the digestion of meat 
by gastric juice, and I did not understand the mean- 
ing of the dark points. But this is explaincl in the 
following statement, and we further see how closely 
similar is the process of digestion by gastric juice and 
by the secretion of Drosera. 

"On a djt que Ic eac giiBtrjque fiusait perdre a la fibre fflnsca- 
Iftire sea strics tron oversales. Ainei ^noncee, cette propoeition 
ponrroit doimer lieu a tine equivoque, cat oeqni se perd, uo n'eet 
que PiapeU ext^rieur de la striature et noa les ^l6mentB anato- 
miques qui la composent. On soit que les stries qui donnent un 
aspect ai caracteriatiqae A la fibre moscalaire, eout le r£eultat de 
la juxtapoeition et dn parallelisme dea corpuBcuIea elementaires, 
places, k distances egnles, daiiB rinterieur des fibritlea couliguils. 
Or, d^ que le tissu conueotlf qui relio entre elles les filirilles 
eieinontaires vient & se gonfier ot a se dissondre, et que lea 
fibrilles elles-mtlines se diBsocieut, ce parallelisme est detruit nt 
aveo Ini I'aspcct, le pheDomene optiqae dea stries. 8i, apres la 
dfeagr^gatiou des fibret:, on examiue hu microscope les fibrilles 
Clemen tairsR, on distingue encore tres-nettement h loTir int^rieur 
les corpascules, et on continue \ tes voir, de plus en pins pAlc.i, 
juaqu'au moment ou les fibrilles elles-mSmes se liquefient et diH- 
paraissent dans le buq gastrique. Ce qui constitue la Btrialure. 
& proprement parler, n'est done pas detruit, avaut la lique- 
faction de la fibre cliarnuo clle-meme." 

In the viscid fluid surrounding the central sphere ef 
undigested meat there were globules of fat and little 
bits of fibro-elastic tissue ; neither of which were in 
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the least digested. Tliere were also little free paral- 
lelograms of yellowish, highly translucent matter, 
SohiS', in speaking of the digvstiun of meat by gastric 
juice, alludes to such parallelngrams, and says : — 



" Le gonflcmeiit par leqnel couiinence la digestion de la viande, 
r^enlte de I'actior da huc gostrique ncidu siir !e tiEsa connectif 
qui Be dissout d'ahord, at qui, par sa liquefaction, deBogrego i«" 
flbrillos. Cetlee-ci se dissolvent i.'tmiiito en graude pnrtie, maiii, 
Bvaut do puBser a I'etat lji]uide, ellea tendent ik se brieer en 
petitH frogmeiits transvcrsaiix. Les 'nrcoin tlrm-nW de 
Boirman, qui ne sont autre cliose que les produit« de cette 
divieiaii trails vnrsale des fibrillus ^l^mentaires, penveat £lra 
preparfeB et isolea a I'aide du sue gaatriquo, pourvu qn'on 
n'attend pas josqu'^ la liqu6liictioQ compU'te du muscle." 

After an interval of 72 hrs., from the time when 
the five cubes were placed on the leaves, I opened the 
four remaining ones. On two nothing could be seen 
but little masses of transparent viscid fluid ; but 
when these were examined under a high power, 
fat-globulea, bits of fibro-elastic tissue, and some few 
parallelograms of sarcous matter, could be distin- 
guished, but not a vestige of transverse striie. On the 
other two leaves there were minute spheres of only 
partially digested meat in the centre of muoh trans- I 
parent fluid. 

Fibrin. — Bits of fibrin were left in water during 
four days, whilst the following experiments were 
tried, but they were not in the least acted on. The 
fibrin which I first used was not pure, and included 
dark particles ; it had either not been well prepared 
or had Bubsequently undergone some change. Thin 
jMirtions, ahont -'„- of an inch square, were placed 
on several leaves, and though the fibrin waa soon 
liquefied, the whole uas never dissolved. Smaller | 
particles were then placed on four leaves, and minate 




drops of liyilnx.'hloric acitl (one part to 437 ot 
water) were adtlod ; tliis atenied to hasten thi? process 
of digestion, for on one leaf all niis liquufied und 
ftbsorlied after 2U lira. ; but on tlic tbrue utiier ledves 
some undissolved n;airlue was left after 48 lirs. It 
is lemarkablo that in all the above and following 
esperimenls, as well as when mueh larger hits of 
fibrin were used, the leaves were very little excitttl ; 
and it was aometimos necessary t« add a little saliva 
to induce complete inflection. The leaves, moreover, 
began to re-exptuid after only 48 lirs., whereas they 
would have remuined indeeted for a mueh longer 
time bad insects, meat, cartilage, albumen, &c., been 
placed on them. 

I then tried some pure white fibrin, sent me by Dr. 
Burdon Sanderson. 

fCxperimrni 1.— Two porticlee, haroly ^^ of an innh (1'27iiiid.) 
■qvare, wure plnwd oil opposite sides of the some leaf. One ot 
these dirt cot excite tlie enrronudiQ^; tentacles, and the glnnd 
va which it reKted soon di'i'iKl. The otiier particle caiisod a few 
of the short aiijoining lentacies to be inflected, the more dislaiit 
otMS not beini;; affected. After 24 hrs. both were almost, and 
after 72 hrs. completely, dissolvod. 

ExptiHmiiit 2. — The same experiment with the snine result, 
only one of tlie two bits of fibrin eiciting the short aurronnd- 
ing tentacles. This bit vaa so slowly acted on that after a 
day I pushed it on to some trash glands. In three days from 
the Ume when it was Hrst placed on the leaf it was completely 
dissolved. 

Expfrlwat 3.^Bi1s of fibrin of aliout the same Mi^e bs before 
were placod on the discs of two leaves ; these caused very little 
inflection in 23 hrs , but after 44) hra. both were well clasped liy 
the surrounding short leutacles, and after an additional 24 hrs. 
were completely dissolved. On the disc of one of these leaves 
much clear acid fluid was left. 

Brptriment 4.— Similar bits of fibrin were pinceil on the discs 
of two leaves; as after 2 hrs. the glands set'niE'd rather dry, 
they nere freely moistened with saliva; this soon mused 
■trong inflection both of the teutucles and blades, with copioui 
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BccretioD from the glands. In 18 lire, the fibrin vas com- 
pletely liqnefied, but undigested ntoniH still floalod in 
liquid; tliaso, however, disappeared in under two additional , 

From these experiments it is clear that the secre- 1 
tion completely disaolTes pure fibrin. The rate of 
dissolution is ratlier slow; but this depends merely 
on this substance not exciting the leaves siiiticieatly, 
80 that only the immediately adjoining tentacles are 
inflected, and the supply of secretion is small. 

Syntonin. — This substance, extracted from muscle, 
was kindly prepared for me by Dr. Moore. Very 
differently from librtn, it acts quickly and energetic- 
ally. Small portions placed on the discs of three 
leaves caused their tentacles and bhides to be strongly • 
inflected within 8 hrs. ; but no further observations 
were made. It is probably due to the presence of 
this substance that raw meat ia too powerful a stimu- 
lant, often injuring or even killmg the leaves. 

Areolar Tissue. — Small portions of this tissue from a ' 
sheep were placed on the discs of three leaves ; these ■ 
became moderately well inflected in 24 hra., but began 
to re-expand after 48 hrs., and were fully re-expanded 1 
in 72 hrs., always reckoning from the time when this 
bits were first given. This substance, therefore, like i 
fibrin, excites the leaves for only a short time. The j 
residue left on the leaves, after they were fully r&- I 
expanded, was examined under a high power and 1 
found much altered, but, owing to the presence of a J 
quantity of elastic tissue, which is never acted on, 
could hardly be said to be in a liquefied condition. 

Some areolar tissue tree from elastic tissue was next 
procured from the visceral cavity of a toad, and 
moderately size<l, as well as very small, bits wera 
placed on five leaves. After 24 hrs. two of the bits 
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were completely liquefied ; two others were reii'lered 
transparent, but not quite liquefied; whilst the fifth 
was but little affected. Several glands on the three 
ktter leaves were now moistened with a little saliva, 
which soon caused mucli inflection and secretion, 
with the result that in the eourafc of 12 additional 
hrs. one leat alone showed a remnant of tindigesteil 
tissue. Ou the discs of tlie four othor leaves (to one 
of which a rather large bit had been given) nothing 
was left except some transparent viscid fluid. I may 
add that sume of this tissue included points of black 
pigment, and these were not at all affected. As u 
control experiment, small portions of this tissue were 
left in water and on wet moss for the same length of 
time, and remained white and opaque. From these 
facts it is clear that areolar tissue is easily and 
quickly digested by the secretion ; but that it does 
not greatly excit« the leaves. 

Cartilage. — Three cubes (-;■'„■ of an inch or 1'27 mm.) 
of white, translucent, extremely tongh eartllage were 
cut from the end of a slightly roasted leg-bone of a 
sheep. These were placed on three Icavi's, borne by 
poor, small plants in my greenhouse during Novem- 
ber ; and it seemed in the highest degree improbable 
that so hard a aubalance would be digested under 
such unfavourable circumstances. Nevertheless, after 
48 hrs., ihe cubes were largely dissolved and con- 
verted into minute spheres, surrounded by trans- 
parent, very acid fluid. Two of these spheres were 
completely softened to their centres ; whilst the third 
still contained a very small irregularly shaped core 
of solid cartilage. Their surfaces were seen under 
the microscope to be curiously marked by prominent 
ridges, showing that the cartilage had been un- 
equally corroded by the secretion, I need hardly 
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say that cubes of the same cartilage, kept in water 
lor the same length of time, were not In the least 
afi'ected. 

During a more favourable season, moderately sized 
hits of the skinned ear of a cat, which includes 
cartilage, areolar and elastic tissue, were placed on 
three leaves. Some of the glands were touched with 
saliva, which caused prompt inflection. Two of the 
leaves began to re-expand after three days, and the 
tliinl on the fifth day. The fluid residue left on 
their discs was now examined, and consisted in one 
ease of perfectly transparent, viscid matter; in tha 
other two cases, it contained some elastic tissue anil 
ajipareutly remnants of hall' digested areolar tissue. 

Fibro-cartihge (from between the vertebne of the 
tail of a aheep). Moderately sized and small bits 
(the latter about -^^ of an inch) were placed on nine 
leaves. Some of these were well and some very little 
inflected. In the latter case the bits were dragged 
over the discs, so that they were well bedaubed 
with the secretion, and many glands thus irritatedt 
All the leavea re-expanded after only two days ; sa 
that they were but little excited by this substance. 
The bits were not liquefied, but were certainly in aa 
altered condition, being swollen, much more trails- 
parent, and so tender as to disintegrate very easily; 
My son Francis prepared some artitiL-ial gastric jnioe, 
which was proved efficient by quickly dissolving; 
fibrin, and suspended portions of the fibro-eartilage 
in it. These swelled and became hyaline, exactly like 
those exposed to the secretion of Drosera, b'lt veto 
not dissolved. This result surprised me much, as 
two physiologists were of opinion that libro-cartilage 
would be easily digested by gastric juice. I there- 
fere asked L)r. Klein to examine the specimens ; and 
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he reports that the two which had been sulijectcd to 
Krtiiieial gastric juice were " in thut state of diges- 
tjou in which we find connective tissue when treated 
with an acid, viz, swollen, more or less hyaline, the 
fibrillar bimdles having become homogeneous and lost 
their fibrillar Htnictnre." In the specimens which had 
been left on the leaves of Drosera, until they re- 
ezpanded, "parts were altered, though only slightly 
BO, in the same manner as those subjected to the 
gastric juice, as they had become more transparent, 
almost hyaline, with the fibrillation of the bundles 
indistinct." FibroK?artilage is therefore acted on in 
nearly the same manner by gastric juice and by the 
secretion of Drosera. 

Bone. — Small smooth bits of the dried hyoidal 
bone of a fowl moistened with saliva were placed on 
two leaves, and a similarly moistened splinter of an 
extremely hard, broiled mutton-chop lx)ne on a third 
leaf. These leaves soon became strongly inflected, 
and remained so for an unusual length of time; 
namely, one leaf fi>r ten and the other two for nine 
daya The bits of bone were surrounded all the time 
by aeid secretion. When examined under a weak 
power, they were found quite softened, so that they 
were readily penetrated by a blunt needle, torn into 
fibres, or compressed. Dr. Klein was so kind «s to 
make sections of both bones and examine them. He 
informs me that bofi presented the noniial appearance 
of decalcified bone, with traces of the earthy salts 
occasionally left. The corpuscles with their processes 
were very distinct in most parts ; but in some parts, 
especially near the periphery of the hyoidal bone, 
none could be seen. Other parts again appeared 
amorphous, with even the longitudinal striatiun of 
bone not distinguishable. This amorphous structure 
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as Dr. Klein thinks, may be the result eithei of the 
incipieot digestion of the fibrous basis or of all the 
animal matter having been removed, the eorpusclea 
being thus rendered invisible. A hard, brittle, yellow- 
ish 8ubet4ince occupied the position of the medulla 
in the fragments of the hyoidal bone. 

As the angles and little projections of the fibrous 
basis were not in the least rounded or corroded, two of 
the bits were placed on fresh leaves. These by the 
next morning were closely inflected, and remained 
80, — the one for six and the other for seven days, — 
therefore for not so long a time as on the first occasion, 
but for a much longer time than ever occurs with 
leaves inflected over inorganic or even over many 
organic bodies. The secretion during the whole time 
coloured litmus paper of a bright red ; but this may 
have been due to the presence of the acid super- 
phosphate of lime. When the leaves re-ex[>anded, the 
angles and projections of the fibrous basis were 
sharp as ever. I therefore concluded, falsely as we 
shall presently see, that the secretion cannot touch 
the fibrous basis of bone. The more probable expla- 
nation is that the acid was all consumed in decom* 
posing the phosphate of lime which still remained; 
so that none was left in a free state to act in ( 
junction with the fennent on the fibrous basis. 

Enamel and Dentine. — As the secretion decalcified 
ordinary bone, I determined to try whether it would 
act on enamel and dentine, but did not expect that it 
would succeed with so hard a substance as enameL 
Dr. Klein gave me some thin transverse slices of ' 
the canine tooth of a dog ; small angular fragments 
of wliich were placed on four leaves; and these were 
examined each succeeding day at the same hour. The 
results are, I think, worth giving in detail. 
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ErjieHiiun-l I.— May 1st, fragment placed on leaf; 3rd, t«ii- 
Uclee but little inflated, so a littlo saliTa was added ; 6th, oa 
the tentacles were not Btronjrlj inflected, tho rmgment was 
tnnsferred to anotber leaf, which acted at fltut slowly, bat by 
the 9th closely embmced it. On the llth this second leaf 
began to I'c-eipand; the fragment was niBnifestly softened, and 
Dr. Klein reports, "a great deal of enamel and the greater 
part of the dentine decalcified." 

Kxptriment 2. — May 1st, fragment placed on leaf; 2nd, ten- 
taclea fairly well inflected, with much secretion on the disc, and 
remained so nntil the 7th, when the leaf re-expanded. The 
frngment was now transferred to a fresh leaf, wliicb next day 
(8th) was inflected in the strongest manner, and thus remained 
until tho llth, when it re-expanded. Dr. Klein reports, " a great 
deal of enamel and the greater part of the dentine deealeit^etl." 

Ex}<ei-imei.l 3.— May 1st. fragment moistened with saliva and 
placed on a leaf, which remained well inflected nntil 5th, when 
it re-Gxpandcd. The enamel was not at all, and the dentine 
only slightly, softened. The fragmt^nt was now transferred to a 
fresh leaf, which next morning (6th) was strongly inflected, and 
remained bo until the llth. The enamel and dentine both now 
■omewhat softened; and I)r, Klein reports, " less than half the 
enamel, but th« greater part of the dentine, decalcified," 

Exptrimeiit 4.— May Ist, a minute and thin bit of dentine, 
moistened with saliva, was plonsd on a leaf, which was soon 
inflected, and re-expanded on the 5th. Tho dentine hod become 
aa flexible as thin paper. It waa then transferred to a fresh leaf, 
which next morning (6tb) was strongly inflected, and reopened 
on the lOtli. The decalcified dentine was now so tender that it 
was torn into shreds merely by the force of the re-expanding 
tentacles. 

From these experiments it appears that enamel is 
attacked by the secretion with more ditSculty than 
dentine, as might have been expected from its ex- 
treme hardness ; and both with more difficulty than 
ordinary bone. Aft^r tho process of dissolution has 
once commenced, it is carried on with greater e^se ; 
this may be inferred I'n.mi the leaves, to whicli the 
fragments were transfiTreil, becoming in all four cases 
•trongly iuflecterl in the course of a single day ; whereas 
the first set of leaves acted much kss tjuiekly ttud 
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energetically. The angles or projections of the fibrous 
basis of the enamel iind dentine (escept, perhaps, in 
No. 4, which could not be well observed) were not in 
the least rounded ; and Dr. Klein remarks that their 
microscopical structure was not altered. But this ' 
could not have been expected, as the decalcificatioa 
was not complete in the three specimens which were 
carefully examined. 

Fibrous Basis of Bone. — I at first concluded, 
already stated, that the secretion could not digest this 
substance. 1 therefore asked Dr. Burden Sanderson 
to try bone, enamel, and dentine, in artificial gastrio 
juice, and he found that they were after a considerable 
time completely dissolved. Dr. Klein examined some 
of the small lamellEe, into which part of the skull of a 
cat became broken up after about a week's immersion 
in the fluid, and he found that towards the edges the 
" matrix appeared rarified, thus producing the appear- 
ance as if the canaliculi of the bone-corpuscles had 
become larger. Otherwise the corpuscles and theii' 
canaliculi were very distinct." So that with bone 
subjected to artificial gastric juice complete de- 
calcification precedes the dissolution of the fibrous 
basis. Dr. Burdon Sanderson suggested to me that 
the failure of Draaera to digest the fibrous basis of i 
bone, enamel, and dentine, might be due to the acid 
being consumed in the decomposition of the earthy 
salts, Bo that there was none left for the work of 
digestion. Acconlingly, my son thoroughly decal- 
cified the bone of a sheep with weak hydrochloric 
acid ; and seven minute fragments of the fibrous 
Itasis were placed on so many leaves, four of the 
fragments being first damped with saliva to aid 
prompt inflertiun. All seven leaves became inflected, 
but only very moderately, in the course of a day. 
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Tiiey quickly began t<> re-expiind ; five of them on 
the secxrad day, and tho other two on the third day. 
On nil seven leaves the fibrous tisBiie was etinvertfd 
into perfectly transpnrent, viscid, more or less lique- 
fied little luasses. In the middle, however, of one, 
my 8on saw under a high power a few eorimsi-feB, 
with traces of tilmllation in the surrounding trans- 
parent matter. From these facts it is clear that the 
leaves are very little excited by the fibrous basis of 
bone, but that the secretion easily and quickly lique- 
fies it, if thoroughly decalcified. The glands which 
had remained in contact for two or three days with 
the viscid masses were not discoloured, and appa- 
rentlv had al>si>rbeil little of the liquefied tissue, 
or had been little affected by it. 

Phoepfiat^ of Lime. — As we have seen that the ten- 
tacles of the first set of leaves remained clasped for 
nine or ten dtiys over minute fragments of bone, and 
the tentacles of the second set for six or seven days 
over the same fragments, I was led to suppose that 
it was the phosphate of lime, and not any included 
animal matter, which caused such long continued in- 
flection. It is at least certain from what has just been 
shown that this cannot have been dne to the presence 
of tho fihrous basis. With enamel and dentine 
(the former of which contains only 4 per cent, of 
oif;anio matter) the tentacles of two successive seta 
of leaves remained inflected altogether for eleven 
days. In order to test my belief in the potency of 
phosphate of lime, I procured some from Prof. Frank- 
land absolutely free of animal matter and of any acid. 
A small quantity moistened with water was placed 
on the discs of two leaves. One of these was only 
slightly affected ; the other remained closely inflected 
for ten days, wLl^u a fcH' of the tenta^'U's began 
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re-expand, the rest being much injured or killed. I 
repeated tlie experiment, but moistened the phosphate 
with saliva to insure prompt inflection ; one leaf re- 
mained inflected for six days (the little saliva used 
would not have acted for nearly so long a time) and , 
then died ; the other leaf tried to re-expaud on tha 
sixth day, but after nine days failed to do so, and \ 
likewise died. Although the quantity of phosphate . 
given to the above four leaves was extremely smalli | 
much was left in every cose undissolved. A larger | 
quantity wetted with water was uext placed on the 
discs of three leaves ; and these became most strongly 
infleeted in the course of 24 hrs. They never re- 
exiwuded ; on the fourth day they looked sickly, 
and on the sixth were almost dead. Large drops 
of not very viscid fluid hung from their edges during 
the six days. This fluid was tested each day with 
litmus paper, but never coloured it ; and this cir- 
cumstance I do not understand, as the superphosphate 
of lime is acid. I suppose that some superphosphate 1 
must have been formeil by the acid of the secretion 
acting on the phosphate, but that it was all absorbed 
and injured the leaves; the large drops which hung i 
from their edges being an abnormal and dropsical 
secretion. Anyhow, it is manifest that the phos* j 
phate of lime is a most powerful stimulant. Even ^ 
small doses are more or less poisonous, probably on 
the stime principle that raw meat and other nutri- 
tious substances, given in excess, kill the leaves. 
Hence the conclusion, that the long continued in- 
flection of the tentacles over fragments of bone, , 
enamel, and dentine, is caused by the presence of i 
phosphate of lime, and not of any included animd J 
matter, is no doubt correct. 

Gdalhte.—l used pure grlatiue in thin shcpts giveB ' 
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me by Prof. Hoffmann. For compariaon, squares of 
the same size as those pliured on the leaves were left 
close by on wet moss. These soon swelled, but re- 
tained their angles for three flays; after five dayn 
they formed ronnded, softened masses, but even on the 
eighth diiy ii trace of gelatine couhl still be detected. 
Other squares were immersed in water, and these, 
thong;h much swollen, retained their angles for six 
days. Squares of ^^q of an inch ( 2"54 mm,), just 
moistened with water, were placed on two leavBS ; and 
after two or three days nothing was left on them but 
some acid viscid fluid, which in this and other cases 
never showed any tendency to regelatinise ; so that 
the secretion must act on the gelatine differently 
to what water does, and apparently in the same 
manner as gastric juice.* Four squares of the same 
size as before were then soaked for three days in water, 
and placed on large leaves ; the gelatine was liqnefied 
and rendered acid in two days, but did not excite 
much inflection. The leaves began U) re-expand after 
four or five days, much viscid fluid being left on their 
discs, as if but little had been absorbed. One of these 
leaves, as soon as it re-espanded, caught a small fly, 
and after 24 hrs. was closely inflected, showing how 
much more potent than gelatine is the animal matter 
absorbed from an insect. Some larger pieces of gela- 
tine, soaked for five days in water, were next placed 
on three leaves, but these did not become much in- 
flected until the third day ; nor was the gelatine 
completely liquefied until the fourth day. On this 
ilay one leaf began to re-espand ; the second on the 
fifth ; and third on the sixth. These several facta 
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prove thiit gclatiue is far from acting energetically 
ou Drosera. 

la the lust cbapter it was shown that a solution of 
isinglass of commerce, as thick as milk or cream, 
induces strong inflection. I therefore wished to com- 
pare its action with that of pure gehitine. Holutioiis 
of one part of both substances to 218 of water were 
made; and half-minim drops ('0206 ml.) were placed 
on the discs of eight leaves, so that each received 
f^r^ of a grain, or -ISo nig. The four with the isin- 
glass were much more strongly inflected than ths 
other four. I conclude therefore that isinglass eon- 
tains some, though perhaps very little, soluble albu- 
minous matter. As soon as these eight leaves re- 
expanded, thi^y were given bits of roast meat, and in 
some hours all became greatly inflected; again show- 
ing how much more meat excites Drosera than does 
gelatine or isinglass. This is an interesting fact, as 
it is well known that gelatine by itself has little 
power of nourishing animals.* 

Chondrin. — This was sent me by Dr. Moore in a 
gelatinous state. Some was slowly dried, and a small 
chip was placed on a leaf, and a much larger chip on 
a second leaf. The first was liquefied in a day ; the 
larger piece was much swollen and softened, but waa 
not completely liquefied until the third day. The 
undried jelly was next tried, and as a control esperl- . 
ment small cubos were left in water for four days 
and retained their angles. Cubes of the same size 
were placed on two leaves, and larger cubes on two 
other leaves. The tentacles and laminie of the latter 
were closely inflected after 22 hrs., but those of tlie 
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two leavia with the amalier cubes only to b moderate 
degree. The jolly on all four waa by this lime lique- 
fied, anil roTnleretl very acid. The glands were 
blackenerl tiom the aggregattun of their protuplasiiiio 
contents. In 46 hrs, from the lime when the jelly 
waa given, the leaves had almost re-expanded, and 
completely so after 70 hra. ; and now only a little 
slightly adhesive fluid was left unabsorbed on their 
diacs. 

One part of choudrin jelly was dissolved in 218 
parts of lK>iling water, and half-minim drops were 
given to four leaves ; ao that eai;h received about ^i-g 
of a grain (-135 mg.) of the jelly ; and, of course, 
much less of dry chondrin. This acted most power- 
fully, for after only 3 hrs. 30 m. all four leaves were 
strongly inflected. Three of them began to re- 
expand after 2-4 hrs., and in 48 hrs. were completely 
open ; but the fourth had only partially re-expanded. 
All the li({uetied chondrin waa by this time absorbed. 
Hence a solution of chondrin seems to act far more 
quickly and energetically than pure gelatine or isin- 
glaas; but I am assured by good authorities that it 
is moat dilKcult, or impossible, to know whether 
chondrin is pure, and if it contained any albumi- 
nous compound, this would have produced the above 
effects. Nevertheless, I have thought these facta worth 
giving, as there is so mnch doubt ou the nutritious 
Tolue of gelatine ; and Dr. Lauder Brimton does not 
know of any experiments with respect to animals ou 
the relative value of gelatine and chondrin. 

Milk. — We have seen iu the last chapter that milk 
acts most powerfully on the leases ; but whether this 
J due to the contained casein or albumen, I know not. 
Bather large drops of milk excite so much secretion 
(which is very acid) that it sometimes trickles down 
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fiom the leaves, and this is likewise churacteristic of 
chemically [irepared casein. Minute drops of milk, 
pliiced on leaves, were coagulated in about ten 
minutes. Schilf denies' that the coagulation of milk 
by gastiic juice is exclusively due to the acid which 
is present, but attributes it in part to the pepsin; 
and it soems doubtful whether with Drosera the 
coagulation cau be wholly due to the acid, as the 
secretion does not commonly colour litmus paper 
until the tentacles have become well inflected ; 
whereas the coagulation commences, as we have seen, 
in about ten minutes. Minute drops of skimmed 
milk were placed on the discs of five leaves; and a 
large proportion of the coagulated mutter or curd 
was dissolved in 6 hrs. and still more completely 
in 8 hrs. These leaves re-expandwi after two days, 
and the viscid fluid left on their discs was then care- 
fully scraped off and examined. It seemed at first 
sight as if all the casein had not been dissolved, for 
a little matter was left which appeared of a whitish 
colour by reflected light. But this matter, when 
examined undeJ a high power, and when compared 
with a minute drop of skinuned milk coagulated by 
acetic acid, was seen to consist exclusively of oil- 
globules, more or less aggregated together, with no 
trace of caseiu. As I was not familiar with the 
microscopical appearance of milk, I asked Dr. Lauder 
Brunton to examine the slides, and he tested the 
globules with ether, and found that they were dia- 
solved. We may, therefore, conclude that the secretion 
[juickly dissolves casein, in the state iu which it exista 
in milk. 

Cliemia^li/ Prepared Cuwrn.— This substance, whicb 
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is insoluble in water, is aujiposecl by many chemists Ui 
differ fnim tlio casein of fresli milk. 1 prmmrol suiue, 
consisting of hanl globules, from Messrs, Hopkins and 
Williams, and tried many experiments with it. HtaM 
particles and the powder, botb in a dry state and 
moistened with water, caused the leaves un which they 
were placed to be in6ected very slowly, genernUy not 
until two days had elapsed. Other particles, wotted 
with weak hydrochloric acid (one part to 437 of 
water) acted in a single day, as did some easein 
freshly prepared for me by Dr. Moore. The ten- 
tacles commonly remained iuHected for from seven 
to nine days; and during the whole of this time the 
secretion was strongly acid. Even on the eleventh 
day some secretion left on the disc of a fully re- 
expanded leaf was strongly acid. The acid seems 
to be secreted quickly, for in one case the secre- 
tion from the discal glands, on which a little 
powdered casein had been strewed, coloured litmus 
paper, before any of the exterior tentacles were 
inflected. 

Small cubes of hard casein, moistened with water, 
were placed on two leaves ; after three days one cube 
had its angles a little rounded, and after seven days 
both consisted of rounded softened masses, in the 
midst of much viscid and acid secretion ; but it must 
not be inferred from this fact that the angles were 
dissolved, for cubes immersed in water were similarly 
acted on. After nine days these leaves began to re- 
expand, but in this and other cases the casein did not 
appear, as far as could be judged by the eye, much, ii 
at all, reduced in bulk. According to Hoppe-Seylei 
and Lubaviu* casein consists of an albuminous, with 
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a noii-albumiuous, snbafainci!; and the absorption of a "J 
very small quHiitity of the former would excite the j 
leaves, and yet not decre-aso the casein to a percep- j 
tible degree. Schift' aasei-ts* — and this is an import- | 
ant fact for us — that " la caseine pnrifiee des chimistes .1 
est un corps prcsqiie complfetement inattaqiiable par 1 
lo 8T1C gastriqiie." So that here we have another 
point of accordance between the secretion of Drosers 
and gastric jtiiee, us both act so differently on the 
fresh casein of milk, and on that prepared by ■ 
chemists. 

A few trials were made with cheese ; cubes of -^s of 
an inch (1"27 mm.) were placed on four leaves, and 
these after one or two days became well iiiflectM, 
their glands pouring forth much acid secretion. 
After five days they began to re-expand, but one 
died, and some of the glands on the other leaves were 
injured. Judging by the eye, the softened and sub- 
sided masses of cheese, left on the discs, were very j 
little or not at all reduced in bulk. We may, how- 
ever, iufer from the time during which the tentacles j 
remained inflected, — from the changed colour of soma.^ 
of the glands, — and from the injury done to other^.l 
that matter bad been absorbed from the cheese. 

Leffumi)i.-—l did not procure this substance in » i 
separate slate ; but there can hardly be a doubt that 'j 
it would be easily digested, judging from the powerful i 
effect produced by drops of a decoction of gn 
peas, as described in the last chapter. Thin slices of \ 
a dried pea, after being soaked in water, were placed , 
on two leaves; these liecame somewhat inflected id 
the course of a single hour, and most strongly bo 
2] hrs. They re-es]ianded after three or four dara ■ 
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Tbe alicea were not liquefied, for the walls of the cells, 
composed of ct-lluluse, are not in the least acted on 
by the secretion. 

Pollen. — A littli! fresh pollen from the common pea 
was placed on the discs of five leaves, which soon 
became closely inflected, and remained so for two or 
three days. 

The grains being then removed, and esamiued under 
the microscope, were found discoloured, with the oil- 
globules remarkably aggregated. Many had their 
contents much shrunk, and some were almost empty. 
In only a few coses were the pollen-tubes emitted. 
There could lie no doubt that the secretion bad 
penetrated the outer coats of the grains, and had 
partially digested their contents. So it must be 
with the gastric juice of the insects which feed on 
pollen, without masticating it.* Drosera in a state of 
nature cannot fail to profit to a certain extent by this 
power of digesting pollen, as innumerable grains from 
the carices, grasses, rumices, fir-trees, and other wind- 
fertilised plauta, which eommouly grow in the same 
neighbourhood, will be inevitably caught by the viscid 
secretion surrouudiug the many glands. 

Gluten. — This substance is composed of two albu- 
minoids, one soluble, the other insoluble in alcohol.t 
Some was prepared by merely washing wheaten ilour 
in water. A provisional trial was made with rather 
large pieces placed on two leaves ; these, after '21 hrs., 
were closely inflected, and remained so for four days, 
when one was kille<l and the other had its glands 
extremely blackened, but was not afterwards observed. 
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Smaller bits were placed on two leaves; Iheae were 
only sliglitly inflected m two days, but ai'terwanlB 
became iniicb more bo. Their secretion was not so 
strongly acid as that of leaves excited by casein. 
The bits of gluten, after lying for three days on the 
leaves, were more transparent than other bits left for 
the same time in water. After seven days both leaves 
te-exitanded, but the gluten seemed hardly at all , 
redueed in bulk. The glands which had been in I 
contact with it were extremely black. Still smaller 
bits of half pntrid gluten were now tried on two 
leaves; these were well inflected in 24 hrs,, and 
thoroughly in four days, the glands in contact being 
mucli blackened. After five days one leaf began to 
re-expand, and after eight days both were fully i 
expanded, some gluten being still left on their discs. 
Pour little chips of dried gluten, just dipped 
water, were nest tried, and these a<;ted rather dif- 
ferently from fresh gluten. One leaf was almost 
fully re-expanded in three days, and the other three 
leaves in four days. The chips were greatly softened, 
almost liquefied, but not nearly all dissolved. The 
glands which had been in contact with them, instead 
of being much blackened, were of a very pale colour, 
and many of them were evidently killeil. 

In not one of these ten cases was the whole of the 
gluten dissolved, even when very small bits were 
given. I therefore asked Dr. Burdon Sanderson to 
try gluten in artificial digestive fluid of pepsin with 
hydrochloric acid ; and this dissolved the whole. 
The gluten, however, was acted on much more slowly 
than fibrin ; the proportion dissolved within four 
hours being as 40-8 of gluten to 100 of fibrin. 
Gluten was also tried in two other digestive fluids, 
in which liydrochloric acid was replaced by propioDifl 
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aud butyric acids, and it was completely dissolved by 
tliese fluids ut the ordinary temperature of a room. 
Hero, then, at lust, we have a e^se in whicb it appoara 
that there exists an essential differL-nce in digestive 
power between the secretion of Drosera and gastric 
juice; the difference being confined to the ferment, 
for, OS we have just seen, pepsin in combinatiun with 
acids of the acetic series acts perfectly on gluten. 
I believe that the explanation lias simply in the fact 
that gluten is too powerful a stimulant (tike raw 
meat, or phosphate of lime, or even too largo a piece 
of albumen), and that it injures or kiUs the glanils 
before they have hati time to pour forth a sufficient 
supply of the proper secretion. That some matter is 
al»OTbed from the gluten, we have clear evidence in 
the length of time during which the tentacles remain 
inflecte<l, and in the greatly changed colour of the 
glands. 

At tile suggestion of Dr. Sanderson, some gluten 
was left for lohrs. in weak hydrochloric acid ('02 per 
cent.), in order to remove the starch. It became 
colourless, more transparent, and swollen. Small 
portions were washed and placed on five leaves, which 
were soon closely inflected, but to my surprise re- 
expanded completely in 48 hrs. A mere vestige of 
glnten was left on two of the leaves, and not a vestige 
on the other three. The viscid and acid secretion, 
which remained on the discs of the three lattei 
l^ves, was scraped off and examined by my son 
imder u high power; but nothing could be seen 
except a little dirt, and a goorl many starch grains 
which ha<l not been dissolved by the hydrochloric 
ac-id. Some of the glauds were rather pale. We 
thus Iifltru that gluten, treated with weak hydro- 
chloric acid, is not so powerful or so end' 
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stiniiilunt aa fresh gluten, and docs imt mucli injure j 
the glitntls ; and we further learn thut it can be di- i 
gested quiekly and completely by the secretion. 

niiibi'liH or Crt/ilitllin. — This substance was kindly prepared 
for me from the iena of the eye by Dr. Moure, and consisted of 
hard, colourless, traoBparent I'ragmmtts. It is Baid* that globulin 
ought to " swell up in water and disBolve, for the moat part 
foiining a giunray liquid ;" but this did not occiir with the above 
fragments, though kept in water for four days. Particles, soms 
moistened with water, others with weak hydrochloric acid, 
othern soaked in water for one or two days, were placed on 
nineteen leaves. Most of these leaves, especialiy those with the 
long soaked partiules, became strongly inflected in a few home. 
The greater number re-expanded after three or four days ; bat 
three of the leaves remained injected during one, two, or three 
additional days. Hence some exciting matter must have been 
absorbed ; but the fragments, though perhape 'softened in m 
greater degree than those kept for the same time in water, 
retained all tlicir angles as sharp as ever. As globulin is an 
albuminous sulwlancc, I was astonished at this result ; and my 
object being to compare the action of the secretion with that ot 
gastrio juice, I asked Dr. Burdou Sanderson to try some of the 
globulin used by ni& He reports that "it waa subjected to K- 
liquid containing 0'^ per cent, of hydrochloric acid, and about 
1 per cent, of glycerine extract of the stomach of a dog. It wu 
then ascertained that this liquid was capable of digesting I'8I 
of its weight of unboiled fibrin in 1 hr. ; whereas, daring the 
hour, only 0'14l of the above globulin was dissolved. In both 
cases an exi^ess of the substance to be digested was aulijected to 
the liquid.''! We thus see that within the same time less than 
one-ninlb by weight of globulin than of fibrin was dissolved ; 
and bearing iu mind that pepsin with acids of the acetic series 
has only about one-third of the digestive power of pepsin with 
hydrochloric acid, it is not surprising that the h^gmenta of 
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globulin were not cormiied or roimded l>j the Beerolion of 
Drosera, tlioiigh somn soluble tuatter was certain); extracted 
from them and absorbod bj the glanda. 

}l<rmatin. — Some dark red granules, prepared from bullock's 
blood, were given me; these were found b; Dr. Sanderson to 
be ineolable in water, acjda, and alcohol, to that they yiatv pro- 
bnbljr htematin, togotlier with other bodice derived fram the 
blood. Particles with little drops of water were placed on 
four leaves, three of which were pretty closely inflected in two 
days 1 the fourth only moderntoty so. On the third day the 
glsttds in contact with the hmmatin were blackened, and some 
of tlio tentacles seemed injured. After five days two leaves 
died, and the tliird was dying ; the fourth was beginning to re- 
tMpaud, hilt many of its glands n'cre hhtckened and injured. 
It is therefore clear that matter hod been absori>cd which was 
either actually poisonous or of too Ktiuulating a nature. The 
particles were much more softened than those kept for the same 
time in water, but, judging by the eye, very little reduced in 
bulk. Dr. Sanderson tried this substance with artificial digestive 
flnid, in the manner described under globulin, aud found that 
whilst 1*31 of fibrin, only 0*456 of the bramatiu was dissolved 
in an hour; but the dissolution by the secretion of even a less 
amount would account for its action on Drosera. The residue 
left by the artificial digestive fluid at first yieldL>d nothing mora 
to it during several succeeding days. 

8vhstanc-es which are not Digested by the Secretion. 
All the substances hitherto uicQtioDed cause pro- 
longed iiiflectiun of the teiitiicles, mid are either com- 
pletely or at least partially dissolved by the secretion. 
But there are many other substances, some of them 
containing nitrogen, which are not in the least acted 
on by the secretion, aud do not induce inflection for a 
longer time than do inorganic and insoluble objects. 
These unexciting and indigestible substances are, as 
far Bs I have observed, epidermic productions (such 
OS bits of human nails, balls of hair, the quills of 
feathers), flbro-elastic tissue, mucin, pepsin, urea, 
ehitine, (-hlorophyll, cellulose, gnn-cottoQ, lat, oil, and 
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To these muy be i«]de<i dissolved sugar ami gum, 
diluted alcobul, and vegetable iufuaions not containing 
albumen, tor nune of these, aa shown in the lost 
chapter, excite inflection. Now, it is a remarkable , 
fact, which affords additional and important evidence, i 
that the ferment of Drosera is closely similar to o 
identical with pepsin, that none of these same sub- - 
stances are, as far as it is known, digested by the ga^ 
trie juice of animals, though some of them are acted 
on by the other secretions of the alimentary canal. 
Nothing more need be said about some of the above 
enumerated substances, excepting that they were re- 
peatedly tried on the leaves of Drosera, and were not 
in the leaat affected by the secretion. About th« 
others it will be advisable to give my experiments. 



t'ibrii^aatic Tisatie, — We have alreftdy seen that when little , 
cubea of meat, &e., were placed on Itsaves, the muBcles, oreoUz 
tissoe, and cartilage were completely dissolved, but the fibro- 
elsetic tissue, even the most delicate threads, were left without 1 
the least signs of having been attacked. And it is well known I 
that this tisane cannot be digested by the gastric juioe of i 
animals.* 

Maain. — As this substance contains about 7 per cent, of.9 
niliogcn, I expected that it would have excited the leave»V 
greatly and been digested by the secretion, but in this IT 
was mistaken. From what is stated in chemical works, j 
appears extremely dniibtfal whether mncin can bo prepared a 
a pure principle. That which I used (prepared by Dr. Uoore). 1 
was dry and hord. Particles moistened with water wore placed j 
on four leaves, but after two days there was only a trace of \ 
inflection in the immediately adjoining teiilaelea. These leaves 
were then tried with bits of meat, and all four soon became 
strongly inflected- Some of the dried mncin was then soaked ' 
in water for two days, and little cubes of the proper siEe 
were placed on three leaves. After four days the tentaclee 
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romid tho marpinH uf the ditcs were a littte inflected, and 
Iho Bccrution collected on tlie diHC was acid, l>ut the exlcnoi 
tvntacles were not affected. One li'sf began Ui rc'-eipmid on tlie 
fourth day, and all were fully re-expnndod on the siilh, Tho 
glandfl which hod been in contact with tlio niucin were a little 
darkened. We may therefore conclude that a ^niall amount of 
Boine impurity of a moderately exciting nature bod been 
ahmrlied. That the mucin employed by me did contAin some 
soluble matter was proved by Dr. Sanderson, who on subjecting 
it to urtiScial gastric juice found that in 1 hr. some woe dis- 
eolTed, bnt only in the proportion of ^ to 100 of fibrin during 
the same time. The cubes, though perhaps ratliur softer than 
those left in water for the name time, retained their angles as 
■harp u ever. We inay therefore infer that the mucin itself 
WM Dot diBBoKed or digested. Nor is it digested by the 
gastric juice of hving animals, and according to Schiff* it is a 
kyer of this substance which prot«cts the coats of the stom«di 
from being corroded during digestion. 

J'ep«ia. — Uy eiperimeuis are hardly worth giving, as it ia 
Marcely possible to preparo pepsin free from other albuminoids; 
but I was curious to ascertain, as far as that was possible, 
vhetber the furracnt of the secretion of Drosera would act on 
the ferment of the gastric juice of animals. I first used the 
Gummon pepsin sold for medicinal purposes, and afterwards 
•ome which was much purer, prepared for mo by Dr. Moore. 
Five lesTCs to which a considerable quantity of the former waa 
given remained inflected for five days; four of them then died, 
apparently from too great stimulation. I then tried Br. Moore's 
pepsin, making it into a pa.ste with water, and placing such 
email particles on the discs of five leaves that all would have 
been quickly dissolved had it been meat or albumen. The 
leaves were itoon inflected; two of them began to rc-expond 
after only 20 hrs., and the other thr(» were almost completely 
re.«ipanded after 44 hrs. Some of the glands which had been 
in contact with the particles of pepsin, or with the acid secre- 
tion surrounding them, were singularly pale, whereas others 
were singulariy dark-coloured. Some of Uie secretion wan 
reraped off and examined under a high power; and it abouuded 
with, granules ondistinguishable from those of pepsin left in 
water for the same length of time. We may therefore infer, 
BS highly protiable (remembering what small quantities were 
girw), that the ferment of Drosera does not act on or digest 
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pepttin, but absorbG rrom it Botne albnmiuoos impurilj which 
induoes infieotion, and whinli in lar^^o quantity iH luEhly 
injariouH. Br. Lauder Brunton at my request Gudeavoured to 
ucertain vhether pepsin with hydrochloric acid would digest 
pepsin, aud as far aa he could judge, it had do sucli jiowttr. 
Gastric juic«, therefore, apparently agreoB in this respeot with 
tbe accretion of Droeera. 

Ui-ea. — It seemed tu me an interesting inquiry whether this 
refuse of the liviug liody, whieli contains much nitrogen, 
would, like so ninny other animal fluiiis and Bubstances, be 
absorbed by the glands of Droacra and cause inflccliou. Half- 
minim drops of a solution of one part to 137 of water wera 
placed on the discs of four leaves, each drop containing the 
quantity usually employed by me, namely ^Jt, of a grain, or 
■01)74 mg. ; but the leaves were hardly at ail affected. They 
were thcu tested with bite of meat, and eoon became closely 
inflected. I repeated the Fame ciperiment on four leaves 
with some fre^h urea prepared by Dr. Moore ; after two days 
there was uo inflection; I then gave them another dose, but 
still there was no inflection. .These leaves were afterwords 
tested with similarly sized drops of an infusion of raw meat, 
and in 6 hrs. there was considerable inflection, which became 
eicesaive in 24 hrs. Bat the urea apparently was not quite 
pure, for when four leaves were immersed in 2 dr. (7"1 ml.) of 
the solution, bo that all the glands, instead of merely those on 
the disc, were enabled to alieorb any small amount of impurity 
in solution, there was consideraltle influction after 21 hra., 
certainty more than would have followed from a similar im- 
mersion in pure water. That the urea, which was not per- 
fectly whit«, should have contained a sufficient quantity of 
albuminous matter, or of some salt of ammonia, to have caused 
the above effect, is far from surprising, for, as we shnll see 
in the next chapter, astonishingly small doses of ammonik 
are highly efflcient We may therefore conclude that urea itself 
is not exciting or nutritious to Brosura ; nor is it modiSed by 
the secretion, bo ns to lie rendered nutritious, for, had this been 
the case, all the leaves with drops cm their discs assuredly 
wuuld have been well inflected. Dr. Lauder Bmnton informs 
roe that from experiments made at my request at St. Baitbo- 
lomow's Hospital it appears that urea is not seted on by 
artificial gastric juice, that is hy pepsin with hydrochloric acid. 

Uhitiue. — The cliitinoua coats of insects naturally cajitured by 
the leaves do not appear in the least corroded. Small square 
pieces of the delicate wing and of the elytron of a Slaphylf 
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vere plBr«(l on some leaves, and after these bad ro-eipondeif, 
the pim-us wore carefully e»iiiiiiiiCHl. Their anglts wore hh 
sharp as ever, and they did not diflur in uppearaui^e from tlie 
other wing nud olytron of the mmB insect which had bocn left 
in irater. The eljtron, bowoTer, bad evidently yielded wmio 
nutritious niiitter, for the leaf remained clasped over it for four 
days ; whereas the leaves with bits of the true wing re-expanded 
OD the second day. Any one who will examine the eicremi^nt 
of ineect-eatiug animals will see bow powerless their gnstrie 
joioe is on chitine. 

Ctlluloie. — 1 did not obtain this Bubstanee in n separate state, 
bat tried niigular bits of dry wood, cork, sphagnum njoss, linen, 
uid cotton thread. None of these boditts wore in the lenet 
Mtacked by the secretion, and tbcy (sused only that moderate 
amount of inflection which is common to all inorganic objeclp. 
Uiui-cutton, which consists of celluloBo, with the hydrogen 
replaced by nitrogen, was tried with the same result. We ham 
seen that a decoction of cabhnge- leaves excites the most power- 
ful inflection I therefore placed two little square bite of the 
biwie of a cabbage-leaf, and four little cubes cat from tlie 
midrib, on bii leaves of Droeera. These became well inflected 
in 12 brs., and remained so for between two and firar days; 
the bits of calibage being hithed all the time by acid secre- 
tioa This shows that some exciting matter, to which I shall 
presently refer, had been absorbed ; but the angles of the 
Bqnares and cubes remained as sharp as ever, proving that the 
framework of cellulose had not been attacked. Small square 
bits of spinach-leaves were tried with the same result; the 
glands pouring forth a moderate supply of acid secretion, 
and the tentacles remaining infl'^cted for three days. We have 
also seen that the dehcate coatH of pollen grains are not dissolved 
by the secrolion. It is well known that the gastric juice of 
umnals does not attack cellulose. 

Chttirophylt. — This substance was tried, as it contains nitrogen. 
Dr. Moore sent me some preserved in alcohol; it was dried, but 
aoon deliquesced. Particles were placed on four leaves; after 
8 hrs. the secretion was acid ; after B hrs. there was a good deal 
of inflection, which in 21 hrs. became (airly well marked. After 
four days two of the loaves began to open, and the other two 
were then almost fully re-expanded. It is therefore clear that 
this Bhioropliyll contained matter which excited the leaves to a 
moderate degree ; hut judging by the eye. little or none was dis- 
BOlved ; so tliiit in a pure state it would not pr.ib.ihty linve been 
attacked by the secretion. Dr. Sanderson tried that which I 
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used, as well an some freshly prepared, with artificial digestive 
liquid, and found thn* it wa« not digested. Dr. Lauder Bruntoii 
likewise triad Bomn prepared by the procesa given in the Britibh 
FliarTDOcoxKBia, and exposed it for fire dnys at the tempi'ratura 
of 37° Cunt to digestive liquid, bnt it was not diminished in 
bulk, though the fluid acquired a slightly brown colour. It wiih 
also tried with the gljcerine extract of pancreas with a ntgativo 
result. Nor does chlorophyll socm affected by the intestinal 
secretions of various anluiala, judging by the colour of their 
excrement. 

It must not bo supposed from those facts that the grains of 
chlorophyll, as they exist in living plants, cannot be attacked by 
the secretion; for these grains consist of protoplasm merely 
coloured by chlorophyll. My son Francis pla^^ed a thin slice of 
spinach leaf, moistened with saliva, on a leaf of Broeera, and 
other slices on damp cotton-wool, all exposed to the wxae 
temperature. A.fter 19 hrs. the slice on the leaf of Droeera wae 
bathed in much secretion from the inflected tentacles, and waa 
now examined under the microscope. No perfect KratUB of 
chlorophyll could be distinguished ; some were shrunken, of a 
yellowish -green colour, and collecte<I in the middle of the cells; 
others were disintegrated and formed a yellowisli mass, likewise 
in the middle of the cells. On the other hand, in the slices 
surrounded by damp cotton-wool, the grains of chlorophyll wetB 
green and as perfect as eTcr. My son also placed sorae slice* 
in artificial gastric Juice, and these were acted on in nearly the 
same manner as by the secretion. We have seen that biU of 
fresh cabbage and spinach leaves cause the tentacles to be in- 
flected and the glands to pour forth much acid secretion j and 
there can be little doubt that it is the iiroloplosm forming the 
grains of chlorophyll, as well as that lining the walls of the 
cells, whioh excites the leAvcs, 

Flit and OS. — Cubes of almost pure uncooked fat, placed m 
several leaves, did not have their angles in the least rounded. 
We have also seen that the oil-globules in milk are not digested. 
Nor does olive oil dropped on the disc* of leaves cause auy- 
inflection ; hut when they ore immersed in olive oil, they beoorne* 
strongly inflected ; hut to this subject I shall have to recur. 
Oily suliNtimees are not digested by the gastric juice of aniinala. 

.S?i/rrA.— iLither lai^ bits of dry starch caused well-marked 
inflection, ai.d the leaves did not re-eipond until the fourth 
day ; but 1 have no doaht that this was duo to the prolonged 
irritation of the glands, as the starch continued to absorb the 
Booretion. The particles were not in the least reduced in aiwj 
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Biid we kanw that leaves immersed in an emulBion of Ktarch 
■re Dot at nil affucted. 1 uei.<il Imrdly an; that BtArch w uul 
digested by the gastric juice of aniuialH. 



Aflion of the Secretion on Living Seeda. 

The results of Bomu enperimenta on living seeds, eelcclMl liy 
haiurd, may here be given, tbougli the; tienr ouly iodiivvtlj oil 
our present subject of digestion. 

Seven cnbhago seeds of the previous year were placed on the 
tame number of le»ves. Some of these leaves were mndomtely, 
but the greater number only nlightly inflected, and most of 
thein re-ejpanded on the third day. One, however, remained 
clasped till the fourth, and another till the fifth day. These 
leaven therefore were excited somewhat more by liie seeds than 
by iiiorganic objects of the same iiize. After they re-eipanded, 
the soeds were placud under favourable conditions on damp 
Band 1 other seeds of the same lot being trie<l at the mme time 
in Uie mme manner, and found to germinate well. Of the seven 
seeds which had been expoiied to the secretion, only three ger- 
minated; and one of the throe seedlings soon periRbed, the tip 
of its radicle being from tite first decayed, and the edges ot 
its Mtyledoas of a dark brown colour; so that altogether five 
out of the seven seeds ulltmately perJRliei!. 

fiadish seeds {llaphanat eatieuf) of the previous year wore 
placed on throe leaves, which became moderately inflected, and 
re-expanded on the third or fourth day. Two of these seeds 
were transforred to damp eand ; only one germinated, and thnt 
very slowly. This seedling bad an extremely short, crooked, 
diseased, tadicle, with no absorbent hairs; nod the cotyledons 
were oddly mottled with purple, with the edges blaokened and 
partly withered. 

Cress seeds {I^rpiilum mlivnm) of the previous yiar were 
placed on foar leaves ; two of these next morning wuru mode- 
rately and two strongly infiocled, and remained so for four, 
five, and even six days. Soon after these seeds were placed on 
the leaves and had l<ecome damp, they secreted in the usual 
manner a lnyer of tenacious mucus; and to ascertain whether 
it was the atiwirption of this substance by the glands which 
canoed so much inflection, two seeds were put into water, and 
as much of the mucus as possible scraped off. They were then 
placed on ICHves, which l-ecame very strongly inflected in the 
course ol 3 hrs., and were still closely inflected on the third 
day ; so that it evidently was not the mucus wfaich eicited 
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much inflection ; on the cotitrarj. this served to a Mrtain cxt«nl 
•8 a protection to the seeds. Two of the six kbihU germinated 
wbiUt atill lying on tlm leaves, but the seedlinga, wlien tnuia- 
ferred to damp sand, tooa diiKl ; of the other four seeds, only oi 
germinated. 

Two seeds of mustard (■'^■'•■•i/tii inyrii), two of celery {Apia 
graatoltiw) — both of the previous year, two seeds well soaked al \ 
caraway (Coram rorui), and two of wheal, did not oicite the 
leaves mora than inorganic objects often do. Five seeds, hordtr 
ripe, of B buttercup (Banunculus), and two fresh seeds of A'lt- 
inuae vrmoros'i, induced only a little more effect. On the otiier 
hand, four seeds, perhaps not quite ripe, of Cari-j ryh-ai'ea caused 
the leaves on which thuy were placed to be very strongly in- 
fleuted; and these only began lo re-eifiand on the third day, 
one remaining inflocied for seven days. 

It follows from those few facts that different kinds of seeds 
excit« the leaves in very different degrees ; whether this is 
solely due to the nature of their coats is not clear. la the case 
of the cress seeds, the partial removal of the layer uf mucus 
liastened the inflaetiou of the tentacles. Whenever the leaves 
remain inflected during several days over seoda, it is clear that 
tliey absorb some matter from them. That the secretion pene- 
trates their coats is also evident from the large proportion of 
cabbage, raddish, and cress seeds which were killed, and hum 
several of the seedlings being greatly injured. This injnry to 
the seeds and seedltDgs may, however, be due solely to the acid I 
of the secretion, and not to any process of digestion ; for Ur. ' 
Traheme Moggrjdge has shown that very weak acids of tha ' 
acetic series are highly injurious to seeds. It never occurred ' 
to me to observe whether seeds are often blown on to th^ viscid 
leaves of plants growing in a stat« of nature; but this can 
hardly fail sometimes to occur, oh we shall hereafter sen in the 
ease of Pingiiicula. If so, Drosera wil< proQt to u slight degree 
by absorbiog matter from such seeds. 



Summar;/ and Conelxtding Remarks oti the Digestive 
Power of Drogera. 
When the glaada on the disc are excited either 
by the absorption of nitrogenous matter or by 
mechanical irritatiou, their secretion increases ia 
quantity and becomes acid. They likewise trausmit 
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some influenw to tho glands of the ext«rior ten- 
tacles, causing them to secrete more copiotialy ; and 
thoir secretion likewise b(.-cumes acid. With ani- 
mals, according to ScLiff,' mecbanical irritation ex- 
cites the glands of tho stoinaeh to secrete an acid, 
but not pepsin. Now, I have every reason to be- 
lieve (though the fact ia not fully established), that 
although the glands of Droaera are coutinually secret- 
ing viscid fluid to replace that lost by evaporation, 
yet they do not secrete the ferment proper for di- 
gestion when mechanically irritated, but only after 
absorbing certain matter, probably of a nitrogenous 
nature. I infer that this is the case, as the secretion 
&om a large number of leaves which had been 
irritated by particles of glass placed on their discs 
did not digest albumen ; and more especially from 
the analogy of Dion (pa and Nepenthes. In like 
manner, the glands of the stomach of animals secrete 
pepsin, as Schifi" asserts, only after thoy have ab- 
sorbed certain soluble substances, which he desig- 
nates as peptogenes. There is, therefore, a remarkable 
parallelism between the glands of Brosera and those 
of the stomach in the secretion of their proper aeid 
and ferment. 

The secretion, as we have seen, completely dissolves 
albumen, muscle, fibrin, areolar ti^ue, cartilage, the 
fibrous basis of bone, gelatin, chondrin, casein in tlie 
State in which it exists in milk, and gluten which has 
been subjected to weak hydrochloric acid. Syntonin 
Bud legiunin excite the leaves so powerfully and 
•jiiickly that there can hardly be a doubt that both 
would be dissolved by the secretion. The secretion 
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failed to digest fresh gluten, apparently from it« i 
iujiiring the gljinds, though some was absur!>ed. Raw ' 
meat, unless in very small bits, and lai'ge pieces of 
albumen, &u., likewise injure the lejivea, which seem i 
to suffer, like animals, Ironi a surfeit. 1 know not 
whether the analogy is a real one, but it is worth . 
notice that a decoction of cabbage leaves is far mure 
exciting and probably nutritious to Drosera than an 
infusion made with tepid water ; and boiled cabbages 
are far more nutritious, at least to man, than the un- 
cooked leaves. The most striking of all the cases, 
though not really more remarkable than many others, ' 
is the digestion of so hard and tough a substance as 
cartilage. The dissolution of pure phosphate of lime, 
of bone, de'ntinr., and especially enamel, seems won- 
derful ; but it depends merely on the long-continued 
secretion of an acid ; and this is seci'etcd for a longer 
time under these circumstances than under any others. 
It was interesting to observe that as long as the acid 
was consumed in dissolving the phosphate of lime, no 
true digestion occurred ; but that as soon as the bone 
was completely decalcified, the fibrous basis was at- 
tacked and liquefied with the greatest ease. The 
twelve substances above enumerated, which are com- 
pletely dissolved by the secretion, are likewise dis- 
solved by the gastric juice of the higher animals; 
and they are acted on in the same manner, as shown 
by the rounding of the angles of albumen, and mora | 
es|)eciBlly by the manner in which the transverse striiB j 
of the fibres of muscle disappear. 

The secretion of Drnsera and gastric juice w( 
Iwth able to dissolve some element or impurity out of 
the globulin and ba?matin employed by me. The 
secretion also dissolved something out of chemicallj 
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prepared coaein, wUicli is suid to coosist of twu sub- 
Btances ; and although Schiff asserts that caseia in 
this state is not attacked by gastric juice, he might 
tsisUy have overlooked a minute quantity of some 
albuminous matter, which Drnsera would detect and 
absorb. A<riiin, fibro-cartilage, though not properly 
ilisBolved, la acted on in the same manner, both by 
the secretion of Drosera and gastric juice. But this 
■ubstance, as welt as the su-ciilled htematin used by 
me, ought perhaps to have been classed with indi- 
gestible substances. 

That gastric juice acts by means of its ferment, 
pepsin, solely in the presence of an acid, is well 
established ; and we have excellent evidence that a 
ferment is present in the secretion of Droaera, which 
likewise acts only in the presence of an acid ; for we 
have seen that when the seorelion is neutralised by 
minute drops of the solution of an alkali, the diges- 
tion of albumen is completely stopped, and that on 
the addition of a minute dose of hydrochloric acid it 
immediately recommences. 

The nine following substances, or classes of sub- 
stances, namely, epidermic productions, fibro-elastic 
tissue, mucin, pepsin, urea, chttine, cellulose, gun 
cotton, chlorophyll, starch, fat and oil, are not acted 
on by the secretion of Drosera ; nor are they, as far as 
ie known, by the gastric juice of animals. Some 
soluble matter, however, was extracted from the mucin, 
pepsin, and chlorophyll, used by me, both by the 
secretion and by artificial gastric juice. 

Tlie several substances, which are completfily dis- 
solved by the secretion, and which are afterwards 
absorbed by the glands, affect the leaves rather dif- 
ferently. They induce inflection at very different 
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rates and in very different degrees ; and the ten- 
tucles remain inflected for very different periods of 
time. Quiek inflection dtipends pitrtly on the quan- 
tity of the substance given, so that many glands are 
simultaneously affected, partly on the facility with 
which it is penetrated and liquefied by the secretion, 
partly on its nature, but chiefly on the presence of 
exciting matter already in solution. Thus saliva, or 
a weak solution of raw meat, acts much more quickly 
than even a strong solution of gelatine. So again 
leaves which have re-expanded, after absorbing drops 
of a solution of pure gelatine or isinglass (the latter 
being the more powerful of the two), if given bita 
of meat, are inflected much more energetically and 
quickly than they were before, notwithstanding that 
some rest is generally requisite between two acts 
of inflection. We probably see the influence of tex- 
ture in gelatine and globulin when softened by 
having been soaked in water acting more quickly 
than when merely wetted. It may be partly due to 
changed testure, and partly to changed chemical 
nature, that albumen, which has been kept for some | 
time, and gluten which has been subjected to weak 
hydrochloric acid, act more quickly than these sub- 
stances in their fresh state. 

The length of time during which the tentacles re- 
main inflected largely depends on the quantity of the 
substance given, partly on the facility with which it is 
penetrated or acted on by the secretion, and portly 
on its essential nature. The tentacles always remain 
inflected much longer over large bits or large drops 
than over small bits or drops. Texture probably 
playa a part in determining the extraordinary length 
of time during which the tentacles remain inflected 
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over tbf hiird gniiiis ui' chemically prejjared casein. 
But the U-ntacles renutin iaSected for ao equully lung 
time over finely pDwdcrwl, preciiiitiited phosphate of 
lime ; phosphorus in this latter ciise evidently being 
the attraction, and unimid matter iu the cuse of casein. 
The leaves reimiiii lung inflected over insects, but it is 
doubtful how fur this is due to the protection afforded 
l>y their chitinous integuments; for animal matter la 
soon extracted from insects (probably by exoamose from 
their bodies into the dense siirruuuduig set-retion), 
us shown by the prompt inflection of the leaves. We 
see the influence of the nature of different substances 
in bits of meat, albumen, and fresh gluten acting very 
differently from eqnal-sizwl bits of gelatine, areolar 
tissue, and the fibrous tiasis of bone. The former 
cause not only far more prompt and energetic, but 
more prolonged, inflection than do the latter. Hence 
we are, I think, justified in believing that gelatine, 
ureolar tissue, and the fibrous basis of bone, would be 
far less nutritious to Urosera than such substances 
as insects, meat, albumen, &c. This is an interest- 
ing conclusion, as it is known that gelatine affonls 
but little nutriment to animals; and so, probably, 
would areolar tissue and the fibrous basis of bone. 
The chondrin which I used acted more powerfully 
than gelatine, but then I do not know that it was 
pure. It is a more remarkable fact that fibrin, which 
belongs to the great class of Proteida,' including 
albumen in one of its sub-groups, does not excite 
the tentacles in a greater degree, or keep them in- 
flected for a longer time, tlian does gelatine, or 




134 



IJIiOSERA ROTUHniFOLIA. 



areolar tissue, or the fibrous Itiisis of bone. It is iiot ■ 
known how long an animal would survive if fed on 
fibrin alone, biit Dr. Sanderson has no doubt long^ 
than on gelatine, and it would be hardly rash to pre- | 
diet, judging from the effects on Drosoro, that albu- 
men would be found more nutritious than fibrin. \ 
Globulin likewise belongs to the Proteida, forming • 
another sub-group, and this substance, though con- 
taining some matter which eseited Drosera rathet 
strongly, was hardly attacked by the secretion, and 
was very little or very slowly attacked by gastric 
juice. How far globulin would be nutritious to- a 
mals is not known. We thus see how differently the 
above specified several digestible substances act oa 
Drosera ; and we may infer, as highly probable, that , 
they would in like manner be nutritious in very dif- 
ferent degrees both to Drosera and to auinials. 

The glands of Drosera absorb matter from living 
sewls, which are injured or killed by the secretion. , 
They likewise absorb matter from pollen, and from 
fresh leaves ; and this is notoriously the case with ■ 
the stomachs of vogetiible-feeding animals. Drosera 
is properly an insectivorous plant ; but as pollen 
cannot fail to be often blown on to the glands, as 
will occasionally the seeds and leaves of surrounding 
plants, Drosera is, to a certain extent, a vegetable i 
feeder. 

Finally, the experiments recorded in this chapter ' | 
show us that there is a remarkable accordance in the 
power of digestion between the gastric juice of ani- 
mals with its pepsin and hydrochloric acid and the 
secretion of Drosera with its ferment and neid belong- ' 
iug to the acetic series. We can, therefore, hardly 
doubt that the ferment in both cases is closely similiii. 
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if not identically the same. That a plant and an 
animal should pour forth the same, or nearly the same, 
complex secretitm, adapted for the same prnpose of 
digestion, is a new and wonderful fiict in phjjiology. 
But I shall have to recur to this subject in the 
tifteenth chapter, in my concluding remarks on the 
Droseraceae. 
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KuuiBt ot pertbnning tbe oxpermieDta — Action of didtillal water tn 
ooDiparUoD with the Balotioiis — Coibnnate of ammniiia. aiMOrlieil 
by the rootn — The vapour absorbad l>y [ho glands — Drops na the 
dieo — Minate djupe applied to »«puratu glnnds — Ijcnves im- 
mereed m veak solutioni — MinulvnosB of thu<loeoa whioh induoa 
aggregation of the protopliiani — Nitmte of aroinoalu, anolognu* 
eKperimcnts with — Phosphate of ammonia, analognua uipcrimetita 
with — Other ealtn of ammoiiiu — t^utmuury &»<) consludiog re- 
marks od the action of tho italts of e 



The chief object in tliis chapter is to show how power- 
fully the salts of ammoDia act on the leaves of Drosera, 
and more especially to show what an extraordinarily 
small quantity suffices to excite inflection. I shall, 
therefore, be compelled to enter into full details. 
Doubly distilled water was always used ; and for the 
more delicate experiments, water which had been 
prepared with the utmost possible care was given 
me by Professor Franltland. The graduated measures 
were tested, and found as accurate as such measures 
can be. The salts were carefully weighed, and in all 
the more delicate experiments, by Borda's double 
method. But extreme accuracy would have been 
superfluous, as the leaves differ greatly in irritability, 
according to age, condition, and comtitution. Even 
the tentacles on the same leaf (lifter in irritability 
to a marked degree. My experiments were tried in 
the following several ways. 

FiV,<//y.— Droits which were nscortnined hy reiwated trifiU to 
bo fin an avernpe about hnlf a minim, or the ^},-^ of a fluid ounoe 
('OiWG ml.), were plact^d by the same pointed inBtnmient on the 
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JiBOS of the loHTBS. And tlie infleetion of the eifcrior ruws of 
lf'jit<u-lcB obKenrud at buoccsiutc intvrvald of time. It ww first 
KSfcrUined, from IwtwoiD thirt; and fort? triftlR, that dislillvd 
wttur dropiM-fl in tliie manotir jiroduces no effect, ex(tn|it Ibut 
KDiDoiimm. though ntroly, two nr throe tenlocles becoiue iu- 
flLf^tod. In luct all tho many trints vith wtlulioiw which vera 
Bu wu»k as to produce tiu effect lead lo tho same result that 
water is inefficient. 

titfonJIif.—The bead of a amall pio, lixcd into a handle, was 
dipped into the eolution undur trial. The bmall drop which 
adhered to it, and which was much too small to fall off, was 
cautiously placed, by tho old of a lens, in contact with the etvre- 
tioD enrrouDdiog the ^atids of one, two, three, or four of the 
exterior tentacles of tho same leuf. Groat cure was taken tliat 
the glands themselves should not be touched. I hod fciippoHed 
tlut tho dropn were of nearly the samo size ; but on trliil this 
proTed a great mistako. I Arst measured Eome water, Mid re- 
moved SIX) drops, touching the pin's head each time on blotting 
jMpcr; and on again mooHaring the water, a drop was found lo 
eqnal on an average aU>ut the ^ of a minim. Some water in a 
smali vesiiel was weighed (and tliiu is a mure apcurato mothod), 
■od 300 drops removed as before ; and on again weighing the 
walAr, a drop was found to equal on an average only the ^ 
L minim. I repented the operation, but endeavoured this 
time, by taking the pin's head out of the water obliquely and 
rather qnickly, to reiiiovo ns large drops op possible ; and 
the result showed that 1 had succeeded, for each drop on on 
Hverage equal)c<l p^ of a minim. 1 repeated the operation in 
exiMtly the same manner, and now the drops overagied r, , of a 

' lim. Bearing in mind that on thme two latter occasions 
Qieoial pains were lakuo to remove ss large drops as possible, 
we may safely conclude lliat tho drops used in my experimenlH 
« at least eipial to the j^ of a minim, or iXKS) ml. One oi 
thcMe drops could be applied to three or even four glands, and 
if tiie tentacles became inflected, some of the solution must 
h»ve been absorbed by all; for drops of pure water, applied 
in the some ninnner, never produced any effect. I was able to 
bohi the drop in steady contact with the secretion only fur ten 
to fifteen eec-onds ; and this was not time enough for the diffu- 
sion of all the salt in solution, as was evident, from three or 
(bur leiitaclss treflled successively with the same drop, often 
twoomiui: inflected. All the mattef iu solution was even then 
probably nut eihsusteil. 

TAiii/Zr/.— Ltaves were cut off and iraraerst-J iu a measured 
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quantity of ttiG boIuIIuu under trial ; the Mime number of leaved 
beiug immersed at the samo time, in the Bamo ciiiantity of the 
diBtJllod water which hiui been used in making the Eolution. 
The leavcB in thtj two lots were compared at eliort intervala 
of time, np to 24 hre,. and soraelimes to 48 bra. They were 
immersed by being laid ae ^ntly us posRible iu numbered 
watuh-glOBBes, and thirty minims (1-775 ml.) of the solution 
or of water was ]x>ured over each. 

Some solutiotiB, for instance that of carbonate of ammonia, 
(luiukly discolour the glondE; and as all on the name leaf were 
discoloured simnttaneoasly, they must all have abttorbed some 
of the salt witliin the same short period of time. This waa 
likewise shown by the fiimultaueous iufleetion of the several 
eiterior rows of tentacles. It we had no such evidence ns 
this, it might have been supposed that only the glands of the 
exterior and inflected tentacles had absorbed the salt ; or that 
only those on the disc hod absorlied it, and had then tniut^mitted 
a mutor impulse lo the exterior tentacles; but in this latter case 
the exterior tentacles would not have become infleuted nutil 
some time had elapsed, instead of within half an hour, or even 
within a few minutes, aa usually occurred. All the glands on 
the same leaf are of nearly thb same size, as may best be seen 
by cutting off a narrow transversa strip, and laying it ou it« 
side ; hence their absorbing surfaces are nearly ei]ual. The 
long-headed glands on the extreme mac^n must be excepted, 
as they are much longer than the others; but only the upper 
surface is capable of absorption. Besides the glands, both 
surfaces of the leaves and the pedicels of the tentacles bew 
numerous minute papillie, which absorb carbonate of ammonia, 
on infusion of raw meat, metallic salta, and pro1>ably man^ 
other Bubstances, but the alisorption of matter by these papiliie 
never induces inflection. We must remember that the mov6- 
raent of eauh separate t«ntacle depends on its gland being 
excited, except when a motor impulse is transmitted from thft 
glands of the disc, and then the movement, as just stated. 
does not take place until some little time has elapsed. I hava 
made these remarks because they show us that when a leaf it 
immersed in a solution, and the tentacles ore in&ected, we oaa 
judge with some accuracy how much of the salt each gland has 
absorbed. For instance, if a leaf bearing 212 glands Iw immereed 
in a measured quantity of a solution, containing -,>); of a grain of 
a salt, and all the exterior tentacles, except twelve, are inflected, 
we may fee! sure tliat each of the tiUU glands can on an 
have abitorbed at most ^^ of a grain of the salt. I aay 
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most, for (lie pnpiUie will bitve absorbed some small amount, 
Kud BO will pcrbups the glands q! the twelve eii^lndixl teataclee 
vhicb did not become iuflccted. The application of this prin- 
ciple leads to n^marksble concloflions witli reepect to the 
minuteneBs of tlie doHus causing iuflection. 

On the Action of Distilled Water in eaueing lufleeiion. 

Althongb in all tbe more important experiments the dif- 
(arenoe between the leaves Bimiillaneonsly immersed in water 
and in the several solutions will lie described, nevortlieleso it 
may be well here ta give a ennimar; of tbe effects of WAler. 
The fact, moreover, of pure wat«r acting on tbe glands deserves 
in itself some notice. Leaves to the numbet of 141 were im- 
mersed in wnter at the «ime time with tboRe in the eolutione, 
and tbdr Etale recorded at short intervals of time. Thirty-two 
other leaves were separately obeerred in water, making alto- 
gether ITd experimentH. Many scores of leaves were also im- 
mersed in water at other times, but no exact record of tbe 
effects produced was kept; yet thene cursory obscrvationa sap- 
port the conclusions arrived at in tbis chapter. A few of tbe 
long-headed t«ntnclea, namely from one to slmut six, were 
commonly inftected within half an bour after immersion ; aa 
were occasionally a few, and rarely a considerable number of 
the exterior round-headed tentacles. After an immersion of 
&om 5 to 8 lirs. the short teiitacleR surrounding the outer 
parts of the disc generally become ioflecled, bo that tbeir glands 
(brm a small dark ring on tbe disc; the extt'rior tentacles 
not partaking of this movement. Hence, excepting in a few 
coses hereafter to be speciHed, we can judge whether a solution 
produces any effect only by observing the exterior tentacles 
within the first 3 or 4 brs. alter immci«iun. 

Now for a summary of the state of the 173 leaves after an 
immersion of 3 or 4 hrs, in pure water. One leaf hud almost 
all its tentacles inflected ; three leaves had most of them salv 
inflected; and thirteen hati on an avcra|>e 3G'-!i tentacles in- 
fltict«d. Thiu seventeen leaves out of the 173 were acted ou in 
a marked manner. Eighteen leaves had from seven to ninet<]cn 
tenlacke influetcd, the evcrsgo being OS tentncles for each 
leaf. Forty-four leaves bod from one to six tentacles inflected 
g«Der»Uy tbe long-headed ones. 8o that altogether of the 173 
lekTQS carefully observed, seventy-nine were affected t'j the 
water in some degree Ihougli commonly to a very slight degree; 
and uincly-four were net aOecti.'d in the IcAHt degree. Thie 
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Bmount of infliction ia nttorly insienific-ant, as wo shall hero- 
after see, compared with ttmt caused by very woak solutiona 
of several salts of unimoDia. 

Plnnts wbich have lived for some time in a rtither high 
teiuptraturo are far more seaEitive to the action of water thira 
tliose H;rown out of doors, or recently brought into a wfirni 
t;reeiihouEO. Thus in the above seventeen cases, in which the 
immersed leaves bnd n conKiderahle number of tentacles in- 
flected, the plants had been kept during the winter in a very 
warm greenhouse ; and they bore in the early spring remarkably 
fine leares, of a li^'ht red colour. Hod I then known that the 
Bensitiveness of plants was thus increased, perhaps I should 
Dot h&ve used the leaves for my experiments with the very 
weak solutions of phosphate of ammonia; but my oxperimentfl 
are not thus vitiated, as I invariably used leaves from the same 
plants for simultaneous immersion in water. It often happened 
that some Icavus on the same plant, and some tentacles on the 
anme lenf, were more sensitive than others; but why this should 
be 80, 1 du not know. 

R'SidcB tlii^ diiTereufeE just indicated Ixitween the leaves im- 
mereed in water and in weak 
solutions of ammonia, the ten- 
taclus of the tatter are in moat 
cases much more closely in- I 
fleeted. The appearance of a 
leaf after immersion in a few 
dropsof a solution of one grain I 
of phosphate of ammonia to I 
200 OK. of water (i.e. one part J 
to b7,5O0j is here reproduced : j 
such energetic in fleet ic 
never caused by water a 
With leaves in the weak sola- I 
tions, the blade nr iaraina often '1 
becomes inflected; and this ift 1 
so rare a circumstance witli.l 
lijBVes in water that I hare*| 
seen only two instances; 
in lioth of theee the infleo> 1 
tion WHS Tery feeble. AgMD 
with leaves in the weak «oIa 
tions, the infltction of the ten- 
tacles and blade oft«n gOM cat 
ly, increasing during many houra; aud 



I 




stuailily, though slo 



CAKBOSATE OF AH»ONU. 



1-11 



title agnin is so rum a circumtitaiKxi with Itsavcs in water that 
I haTc HKii only three inEtancca of bq; sncii increoGe sfler the 
first 8 to 12 hiB. ; and in t)i(«o three iuatancvs the two outei 
rowe of tentiuOeb were nut at all affected. Bence there is sotiic- 
tiniM B much greater difference between the leaves in water itod 
in the weak solutioiiR, after fram S bra. to 21 lira., than there 
«u witbia the first 3 hrs. ; though u a geneml rule it is beet 
to troat to the difference obserred within the shorter time. 

With respect to the period of the re-eipausion of the Icstm, 
when left ioimersed either in water or in the weak Bolutiona, 
Dotiiing euuld be more Turiable. In both cases the exterior 
tentacles not rarely begin to ro-expand, after on interval of 
Milj from 6 to t< hrs. ; that is juet about the time wlicn the 
short tentacles round the borders of the disc become inflected. 
On the other haml, the tentacles sometimes remain inflected 
for a whole liay, or oven two days; but as a general rule they 

n inflected for a lunger period in very weak solutions than 
in water. In solutions which are not extremely weak, Ihoy 
Dever re-expand within nearly ro short a (teritid as six or 
oight hours. From these slalumenta it might ho thought 
difflcult to distinguish between the effects of water and the 

r solutions ; but in truth there is not the slightest diffi- 
culty until excessively weak solutions are tried ; and then the 
distinction, as might be expected, becomes very doubtful, and 
at last disappears. But as in all, except the simplest, coses 
the state of the leaves simultaneously immersed fur an equal 
length of time in water and in the solutions will be desejihed, 
tho reader can judge for himself. 



Carbonate of Ammonia. 
This salt, when absorbed by the roots, does not cause 
the tentacles to be inflated. A pUnt waa so placed 
in a solution of one part of the carbonate to 146 of 
water that the young uninjured roots eould be ob- 
served. The terminal cells, whieh were of a pink 
colour, instantly became colourless, and their limpid 
contents cloudy, like a mezzo-tinto engraving, so that 
degree of aggregation was almost instantly 
caused; but no further change cnaucil, unrl the al>- 
•ur)>ent hairs were not \isibly affected. The tentaf 
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did not bend. Two other plants were placed with 
their roots surrounded by damp moss, in half an oiinco 
(li'198 ml.) of a solution of one part of the carbi> 
Date to 218 of water, and were observed for 24 hra, ; 
but not a single tentacle was inflected. In order to 
produce this effect, the carbonate must be absorbed 
by the glands. 

The vapour produces a powerful effect on the glands, 
and induces inflection. Three plants with their roots 
in bottles, so that tlie surrounding air could not have 
become very humid, were placed under a l;ell-glass 
(holding 122 fluid ounces), together with 4 grains 
of carbonate of ammonia in a watch-glass. After an 
interviil of 6 hrs. 15 m. the leaves appeared unaffected ; 
but next morning, after 20 hrs., the blackened glands 
were secreting copiously, and most of the tentacles 
were strongly inflected. These plants soon died. 
Two other plants were placed under the same bell- 
glass, together with half a grain of the carbonate, the 
air being rendered as damp as possible ; and in 2 hrs. 
most of the leaves were affected, many of the glands 
being blackened and the tentacles inflected. But it is 
a curious fact that some of the closely adjoining ten- 
tacles on the same leal', both on the disc and round 
the margins, were much, and some, apparently, not in 
the least afl'ected. The plants were kept under the 
bell-glass for 24 hi-s., but no further change ensued. 
One healthy leaf was hardly at all affected, though 
otiier leaves on the same plant were much affected. 
Un some leaves all the tentacles on one side, but not i 
those on the opposite side, were inflected. I donbt 
whether this extremely unequal action can be ex- 
pliiinod by supposing that the more active glands 
absorb all the vajwur as quickly as it is generated, so 
that nunc is left for the others for wc shall meet with 
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analogous cases with air thoroughly permeiited with 
the Tapouis of cbloruform and ether. 

Minute particles of the carbonate wore added to the 
secretion Burroundiiig several glanils. These instantly 
bepamo black and secreted copiously ; but, except in 
two instances, when extremely minnte particles were 
given, there was no iiillection. This result is analo- 
gous to that which follows from the immersion of 
leaves in a strong solution of one part of the carbonate 
to 109, or 146, or even 218 of water, for the leaves 
are then paralysed and no inflection ensues, though 
the glands are blackened, and the protoplasm in the 
cells of the tentacles undergoes strong aggregation. 



Wo will now turn (n tha effects of solulionfl of the carbonate. 
Half-tniiiims of i solution of one part to 437 of water were placed 
on the discaof twelve leaves; so that each received ^^ of a erain 
or '0675 mg. Ten of these bod their exterior lentAclen well 
inflecttnl ; the blades of some Vicinp also macli curvotj inwards. 
Id two cases several of the exterior ti:iita<^les were iijflected in 
35 m.; but the movement was generally slower. These ten 
leaves re-expanded in periods varying between 31 hrs. and 
45 hrs., biit in one case nut until G7 hrs. had elapsed ; tto that 
they re-ex|itind«d ranch more quickly than leaves which have 
canRht insects. 

The aame-sijied drops of a solutinn of one part to 873 of water 
were placed on the discs of eleven leaves; six remained i^nile 
noafibcted, whilst five had from three to six or eight of their 
exterior tentacles inflei^tod ; but this degree of movement can 
hardly ho considered as trustworthy. Each of these leaves 
received li, of a grain ("0337 mg.), distributed between tha 
glands of the dine, bat this was too small an amount lo produce 
say decided effect on the exterior tentacles, the glands of which 
faitd not themselves received any of the salt. 

Hinut« drops on the head of a small pin, of a solution of one 
part of the carbonate to iilH of watpr, were next trie<l in the 
nannor above descrilieii A rirop of this kind equals on an 
average ^of a minim, and therefore conlabs j^\f„ of a grain 
("OISJ mp;.) of tho carlwnate. I louchi-d with it the viKcid 
MCretion round three glands, so that each glaud received only 
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rjioo of a e^bjjx ('00445 mg.). Nevertheless, in two triala all 
the glikDitB were plninly blitckened ; in one case all three tintacles 
wore well inflected after an interval of 2 his. 40 m. ; and in an- 
other case two of llie three tentacles were inflected. I then 
tried drope of a weaker solution of one part to 292 of water an 
twenty-four glands, always tnnching the viscid uecretjon roDod 
three glands with the same little drop. Eatth gland thus received 
only the yrJinj of a grain ("00337 mg.). jet some of them wore 
a little darkened; but in no one instance were any of the ten- 
tacles inflected, though thej were watehed for V2 hrs. When » 
still weaker solution (viz. one part to 437 of water) was tried OB 
six glands, no effect whatever was perceptihle. We tboa learn 
tliftt the itldi of ft grain (-00445 mg.) of carliunato of ammonia, 
if absorhod by a gland, suffices to induce inflection in the baeKl 
part of the same tentacle; but as alreadjr stated, I was able to 
hold with a steady hand the minute drops in contact with tlie 
secretion only for a tew seconds; and if more time had been 
allowed for diffuRion and absorption, a much weaker solution 
would certftinly have acted. 

Some experiments were made by immersing cut-off leaves in 
solutions of different strengtiia. Thus four leaves were left for 
about 3 lirs. each in a drncbui (.3*549 ml.) of a solution of one 
part of the carbonate to 5250 of water; two of these had almost 
every tentacle inflected, the third had about half the tentacleB 
and the fourth about one-third inflected ; and all the glands wera 
blackened. Another leaf was placed in the same quantity of a 
solution of one part to 7000 of water, and in I hr. 16 m. evei^ 
single tentacle was well inflected, and all the glands biaokene^^. 
Sii leaves were immersed, each in thirty minims (1-774 ml.) 
a solution of one part to 4375 of water, and the glands were f 
blackened in 31 m. All six leaves exhibited some slight inSeo- 
tion, and one was strougly inflected. Four leaves were then 
immersed in thirty minims of a solution of one part t« 8751) of 
water, so that each leaf received the jjg of a grain ('2025 mg.). 
Only one became strongly inflected; but all the glands on aU 
the leavE« were of so dark a red after one hour an almost to- 
deserve to lie called black, whereas this did not oceur with the 
leaves which were at the Bame time immeri^ed in water; nor did 
water produce this e&ect on any other occasion in nearly sq 
vhort a time ah an hour. These c.ises of the eimultaiioDUS 
darkening or blackening of tlio glands from the action of weiA 
soliilioQH areim)>ortant,aB they show that all the glands absorbed 
the carl)onate within the same time, which fact indeed then 
was uot the lettst loOBOix to doubt. So again, whenever all the 
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tent&clcs become inflected within tho ^aiue (iine, wo Iuito 
evidence, aa berore reniorked, of HJmiilliuieoQS Hl«arpIioa. I 
did not count tbe Danil«r of i;laiidB on these four leaves; but 
as they were tine ones, and omvu know that the nTerago iiumU'r 
of glands on tltiity-one le*Tcs wrw liH, vrv. may safvlv astume 
that each bore on An average at laust 170; uud if bo, each 
blackened gland coald have absutliul otity i-,|ag i^f a grain 
('(Xflld mg.) of the caThouate. 

A large number of triula had been previounlf nuulo with 
solutions of one port of tho nitrate and phue|>h(ite of ammonia to 
4375U of water (i.e. one grain to lUU ounmi'), and these were 
(bund highly efficient. Fourteen leaves were therefore placed, 
each in tliirty minims of a solution of one part of the cnrliouale 
to the above quantity ot water ; so that each leaf received f-j\q, 
of a grain ('(M05 mf;.). The glands w^re not inacb darkenul, 
Tod of tbe Ic&ves were not affected, or only very slightly so. 
Four, however, were strongly aflected; tbe first having all tho 
tentacles, except forty, inflected in 47 m. i in 6 hra. 30 ui. alt 
except eight ; and after 4 hts. tbe blade itself. The second K«t 
after 9 m. ha^ all its tentacles exce))t nine inSccted ; aftor 6 hrs. 
SO m. these nine were sab-inRected ; the blade having become 
mnob inflected in 4 hrs. The third leaf after 1 tir, 6 m. bod all 
bnt forty ttmlaclus inflected. The fourth, after Si hra. 5 ro., Iiad 
about half its tentacles and after 4 lire, all but forty-flve iii- 
fleoted. Leaves which were immersed in water at the same time 
were not at all affected, with the exception of one; and this not 
until 8 hrs. hod elnpaed. Hence there can be no doubt that a 
highly sensitive lenf, if immer!>ed in a solution, so that all the 
glands are eiutliled to abaorb, is acted on by y^ of a grain of 
the carbonate. Asanming that the leaf, which was a large omj, 
and which had all its tentacles excepting eight inflected, bore 
170 glanda, each gland could have alworbcd only Yarfss "^ '^ 
grain (■lXX)24 mg.) ; yet Ibis sufgced to act on each of the 162 
tentacles which were inflected, l!ut as only fbnr out iif the above 
fourteen leaves were plainly afiectcd, thia in nearly the mini- 
mum dose wliich is efficient. 

Aggregali'm vf the Prob-plami from the Actio.^ ■■/ Crhmialr of 
Ammonia.—! have fully described in tho third chapter tbe 
Tsmarkable effects of moderately strong doses of this salt in 
cnusiDg the aggregation of the protoplasm within the cells of 
the glands and teritaolitt ; and here my object is merely to show 
iriiat email dosea suffiiM?. A leaf was iniraenied in twenty 
IS (I ' iaa ml.) of a solution of one port to 1750 of inter. 
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%dA BnothBr loaf in tbo Haine quantity of a solution of one part 
to 30C2 ; in tlie former case aggregation occurred in i m., in the 
latter in 11 m. A leaf was then immersed in twenty minima of 
A EolutioD of one part to 4375 of water, so that it received ^^ of 
a f;rain ('27 mg.) ; jn 5 m. there was a slight change of colour 
in the glands, and in 15 m. small Epheroa of protoplasm were 
farmed in the celln beneath the glands of al! the tentacles. In 
these cases there could not be a shadow of a doubt about tha 
action of the solution. 

A solution WHS then made of one part to 5-250 of water, nnd I 
experimented on fourteen leaves, but will Rive only a few of the 
CARes. Eight young leaves were selected and examined with 
care, and they showed no trace of aggre<:ation. Four of these 
were placed iu a drachm (3' 549 ml.) of distilled water; aad four 
in a similar vessel, vith a drachm of tho solution. After a time 
the leaves were examined uuder a high power, Ixiing taken altor- 
natiilyfrom the sotution and the water. The first leaf was taken 
out of the solution ftft«r an immersion of 2 hrs. 40 m., and the 
lost leaf out of the wnter after 3 hrs. 50 m.; the examination 
lasting for I hr. 4.0 m. In the four leaves out of the water there 
was no trace of aggrcRation except in one specimen, in whicli a 
very few, extremely minut« spheres of proloplnsm were present 
beneath some of the round glands. All the glands were tmn»- 
]Ui:ent and red. The four leaves which had lieen immcraed in. 
the solution, beaides being inflected, presented a widely different 
appearance ; for the contents of the cells of every sinule tentaate | 
on all four leaves were conspicuously aggregatid; the BpherM j 
and elongated masses of protoplasm in many cases extending 
halfway down the tentacles. All the glands, both those of ths j 
central and exterior tentacles, were opaque and blackened; and i 
this shows that all had absorbed some of the carbonate. Them - 
four leaves were of very nearly the same size, and the glands i 
were counted on one and found to be 1G7. This being the c 
aud the four leaves having been immersed in a. drachm of the I 
solution, each gland could have received on an average only ' 
iT+nr "f » grain (-001009 mg.) of the salt ; nnd this quantity | 
sufficed to induce within a short time conspicuous aggregation 
in the cells beneath all the glands. 

A vigorous but rather small rod leaf was placed in sir ^ 
minims of the some solution (viz. one (lart to 52.iO of water), i 
that it received g Jg of a grsin i,''0(tT5 mg }. In 40 ra. the glandit i 
iippuared rather darker; nnd in 1 hr. from four to six spheraB J 
of protoplasm w-erc formed in tho rells Ivueath the glands 
all the tentacles. I did not count the tentacles, but we m^ J 
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Kifelf nssiime that Uien; H'<?re at lcn.4t 140; and ir ro, earh 
gluDiI puuld have rectivwi only the TT"iiEB "' ' praiu, or 
■OIXHS nig. 

A weaker Bolutioti wiw then mndcof one part to TCOO of wfttcT, 
and four IcftTes were iniiiierBed in it ; but I will piTu only one 
A leaf was placed in l«n miniiiiB uf tbis Kolution ; afier 
1 hr. 37 m. the glands became aotnewliat darker, and the <;i'IIb 
bcuestb all of them now conbunod many Bpheres of afgregattiij 
protuplana. Thin leaf njreivul ^ii *>f & gniin, and horo 1G6 
glands. Each gland could, therefore, have received only yriVn 
of a grain ( 'OOCkJOT ng.) of the carbonate. 

Two other experiments are worth giving. A leaf was im- 
aienod for i hrs. 16 m. in distilled water, and there was no 
aggregation ; it was then placed fur 1 lir. 15 m. in a little solu- 
tion of one part tu MX of water ; and this excited well-marked 
aggregation and inflection. Anotlitr leaf, afl«T having been 
immei'sed for 31 brs. 15 m. in distilled water, had its glands 
blackened, but there was nu aggregation in tlic culls beneath 
them; it woa then left in nix minims of the same solution, and 
in 1 hr. there wa» much aggregation in many of the t«ntacles; 
in 2 hre. all the tentacles (146 in number) were affected— the 
aggregation extending down for a length equal to half or the 
wholt) of the glands. It is extremely iiiiprobalile that them two 
leaves wonld have undergone at^;regatlon if tbey had been left 
for a b'ttlu longer in the water, namely for 1 hr. and 1 hr. 15 m., 
durini; which time thej- were immersed in the solution ; for the 
process of aggregation seems invariably to supervene slowly and 
very gradnaJly in water. 

Summary of the Results with Carbonate of Ammonia. — 
Tkeruotsabsorb t lie aulntiou, as shown by their changed 
colour, and by the aggregation of the contents of their 
cells. The vapour is absorbed by the glands; these 
are blackened, and the tentacles are inflected. The 
glands of the disc, when excited by a half-iuiuini drop 
(■U296 ml.), containing t^ ^ „ of a grain (OliTo mg.), 
transmit a motor impulse to the exterior teatacles, 
causing them to bend inwarda. A minute drop, con- 
taining Ti l-,r;r of & griiin ('00445 mg.), if held for a 
few seconds in contuct with a gland, soon causes the 
tentacle bearing it to be inflecte*!. If a leaf is left 
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immersed fur a few huiirs in a solution, and a gland 
absorbs the T-n'^w of a grain {"00048 mg.), its coloar 
bectimea darker, though uot actually Llu<;k ; anil the 
contents of the colls beneath the gland are plainly 1 
aggregated. Lastly, under the same circumstances, I 
the absorption by a gland of the -innr'¥-rru of ^ grain ( 
('00024 mg.) suffices to excite the tentacle bearing this 
gland into movement. 



Nitrate op Ammonia. 

With the rait I attended odI; to the inflecUon nf tlic leaved 
for it ie Tar lew effiricnt than tlie uarixinnle in cauetug aggr^a- 
tioo, altliou^h MiuEidemlily more potent in canHi'ig iuSectii>n. 2 
expariinented willi half-niinims (-Oase ml.) on the discs of fifty- 
two leaver, but will give only a few cases. A eoliition of ooa 
part to 11)9 of water was too etrou^, uiusiug little infloution. Mid 
after 2i lirs. killing, or nearly killing, four out of eix leavM 
wliich were thus tried; each of which n^ccived tijfl j-Jn of a grain 
(or '27 mg.)' A sohition of one part to 218 of water acted niort 
energetically, causing not only the tentaclea of all the leaven, 
but the blades of Booie, to l)e strongly inflected. Fourteen 
leaveH were tried with drops of a solution of one part to 875 
of water, bo tliat the disc of each received the y^ of a grain 
(■0337 mg.). Of these leaves, seTcn wore very strongly acted 
the eijges being generally iuflucted ; two were modemtely ac 
on; and five not at all. 1 sulieequently tried three of these lal 
five leaves with urine, saliva, and mucus, but they were only' 
slightly affected ; and this proves that they were not in an aclivfti 
eonditJon. 1 mention this fact to show jiow necessary it ia to 
experiment on Eeveml leaves. Two of the leaves, which wera 
viv\l inUected, re-expanded after 51 hrs. 

In the following experiment I happened to select very sensi- 
tive leaves. Half-minims of a solution of one part to 1094 of: 
water (i e. 1 gr. to 21 oz.) were placed on the discs of nine leave*, 
BO that each received the 7^ of a grain ( 027 mg.) Three of 
them hadtheir tentacles strongly inflected and their blades curled 
inwards ; five were slightly and somewhat doubtfully oflboted, 
having from three to eight of their exterior tentacles inflected 
one leaf was not at all affected, yet wb« afterwards acted on ' 
nUva. Id six of these cases, a trace of action was perceptibli 
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7 hot., but the full effect was not produced uutii from 24 hni. tc 
30 hra. had elapsed. Tiro of the leuTes, which were only slightly 
inHocted, re-uxpsnded afier tin rulditioiial iutenral of 19 hrs 

Half-minimB of a rather weaker solulicm. viz. of one part tc 
13t2of water (1 gr. to 3 oz.) were tried on fourteen lettves; no that 
cnch received ^^ '^f o grain (0223 mg.), instead of, lu in the lost 
experiment, y^ of a gniin. The blade of one was ploitily in- 
flected, as wcrcfiii of the exterior tentacles ; the blade of a eocouil 
was slightly, and two of the exterior lentaeles well, inflected, all 
the other tentacles being curled in at right angles to the ditc; 
throe other leaves had from five to fight tentacles inflected ; five 
others only two or three, and occflBionallj, though very rarely, 
drops of pure nat«r oauw this oiuch action ; the four remaining 
leaves were in no way affected, yet three of them, when snbBe- 
qnently tried with urine, became greatly inflected. In most of 
them cases a slight effect was perceptible in from 6 hrs. to 
7 hrs., but the full effect was not produced until from 34 hrn, 
to 30 hrs. had elapsed. It is obvious that we have here reached 
Tery nearly the mioimuiii amount, which, distriliuted between 
Uie Kl^nds of the disc, nets ou the exterior tentacles ; these 
having themselves not received any of the solution. 

In the next place, the viscid secretion round thrt« of the 
exterior glands was touched with the same little drop ^^ of a 
iiiiii)ro)orft solution of one part to 4<)7 of water; and after an 
interval of 2 hrs. 50 m. all three tentacles were well inflL-cled. 
Each of these glands could have received only the i^^ihsii "f ^ 
giwn.or -002^-') mg A little dropofthe same size and strength 
WM also applied to four other glands, and in 1 lir. two became 
inflected, whilst the other two never moved. We here sve, as in 
the case of the half-minims placed on the discs, that the nitrate 
of ammonia is more potent in causing inflection than the car- 
honatai for minute drops of the latter salt of this strength pro- 
duced no effect. I tried minute drops of a still weaker solution 
Ot the nitrate, viz. one part to 875 of water, on twenty-one 
glands, bnt no effect whatever was produced, except perhaps in 
one instance. 

Sixty-three leaves were immersed in solnttons of various 
Btrengths; other leaves being immersed at the same time iu the 
nme pure water used in making the solutions. The results arc 
so remarkable, though lees so than with phosphate of ammonia, 
that I must describe the experiments in detail, but I will give 
only a few. In speaking of the successive periods when 
inflection occnri'ed, 1 always reckon bom the time of flret 
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Hflving niada some preliminarj triola as a. guide, Ave leaves 
wore placed in tiie same little vessel in thirt; minims ut a hoIu- 
tion of one pnrt of the nitrate to 787 ■ of wnter (1 gr. to 18 oz.); 
and lliiH nmouut of finid just sufflc-eil to cover thfini. After 
2 lira. 10 m. three of the leaves were considerably inflected, and 
tlie other two moderately. The glands of nil became of eo dark 
a red sa almost to det«rve to be called black. After 8 hrs, four 
of the leavBH had all their ten taclea more or less inflected; whilst 
the fifth, which I then perceived lobe an old [<af, had only thirty 
tentacles inflected. Next morning, after 23 hrs. 40 ni., all the 
leaves were in the Rame state, excepting that the old leaf hnd a 
few more tentacles inflected. Five leaves which had l)een plnced 
at the same time in water were observed at the same inlervftls 
of time ; af<er 2 hrs. 10 ni. two of them had fonr, one had seven, 
one had ton, of the long-headud marginal tentacles, and the 
fifth had four round-headed tentacles, inflected. After 8 hrs. 
there was no change in these leaves, and after 34 hrs. all tha 
marginal tentacles had ve-expanded ; but in one leaf, a doEcn, acd 
in a second leaf, half a dozen, subniai^inal tentacles had lieconn 
inflected. As the glands of the Ave leaves in the solution were 
simultaneously darkened, no doubt they hndall absorbed a nearly 
equal amount of the palt: and as 5-ig of a grain was given to the 
five leaves together, eacli got y*^ of a grain (*045 mg.). I did 
not count the tentacles on these leaves, which were moderately 
fine ones, but as the average number on thirty-one leaves was 
192, it would be mfe to assume tliat each bore on an average at 
least 160. If so, each of the darkened glands could have 
received only i,^t(,D "^ * grain of the nitrate ; and this caused 
the infiectiun of a great majority of the tentacles. 

This plan of immersing several leaves in tVie same vessel 
ja a bad one, as it is impossible to feel sure that the mon 
vigorous loaves do not rob the weaker ones of their share of 
the salt. The glands, moieover, mnat often touch one another 
or the sides of the vees«l, and movement may have been thUH 
excited; but the corresponding leaves in water, which wore 
little inflected, though rather more so than commonly occni^ 
were exposed in an almost equal degree to lliese same sources 
of error. I will, therefore, give only one other experiment mndo 
in this manner, though many were tried and all confirmed 
the foregoing and following rcsnlta. Four leaves were planed 
in forty minims of a solution of one part to 10,500 of nater; 
and assuming that they absorbed equally, each leaf received 
yT^T "f * B'"'" (■0<''>2 mg.l- After 1 hr. 20 m, many of the 
teutaulea on all four leaves were somewhat inflected. Afttf 
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5 bra. 3(1 m, two ImvpH liml nil their tetitocloB iiiflDRt<<d; n 
third Icar all exi^epl tliu e^itreiiii' marginitla, wliivh scemnl old 
and torpid ; and the fourth a larjie Riimbtr. After ^1 hra. 
every BinBlB tentacle, on all four leaves, wns closely inflectttd. 
Of the four leaves plivced at the t!ame time in wat«r, ono lind. 
Kfter 5 hrs. 45 m., five marginal i0Dtac1<« inflected ; k second, 
ten ; a third, nine narglnnts and subtnarginals; and tlie fourth, 
twelve, chiefly submargiQatH, intlected. After 21 hrs. all these 
marginal tentacles re^xpandcd. but a few of the "uhmarginala 
on two of tlio leave* remained sliplitly curved inwards. The 
MratroMt was wonderfully great between these four leaves in 
wat«i and thoRe in the solution, the latter having every one ot 
their lentactes closely inflected. Making the ujodcmte assump- 
tioR that each of these leaves bore 16(1 tentacles, each gland 
ooold have abeorbed only yrAiT! "^ * gnnn (-000351 mg.). 
This experiment was repeatod on three leaves wiih the same 
relative amount of the solution ; and after 6 hra. 15 m. all the 
teotocles except nine.-, on all three leaves taken together, were 
closely inflected. In this cose the tentacles on each leaf wore 
ooonled, and gave an nverape of 162 per leaf. 

The following exiwritnents were tried during the Hummer of 
1873, by phicing the leaves, ench in a separate wateh-glaffl and 
pcninDg over it thirty minims (1'775 ml.) of the sohition; other 
leaves being treated in exactly the same manner with (he 
doubly dlitilled water used in making the solutions. The 
trials above given were made several years before, and when I 
read over my notes, 1 could not believe in the results; bo I 
msolved to begin again with moderately strong Bolutions. Six 
leaves were tiret immented, each in thirty minims of a solution of 
one part of the nitrate to B750 of water (1 gr. to 20 oz.), so that 
each received j^ of a grain ('2025 mg.). Before 30 m. had 
elapsed, foor of these leaves were immensely, and two of them 
moderately, inflected. The glands were rendered of a dark 
red. The four cornspording leaves in water were not at all 
affected until 6 hrs. had dapseil, and then only the short ten- 
tacles on the borders of the disc; and their iuflection, as 
prerionsly explained, is never of any signiflcanco. 

Four leaves were immersed, each in thirty minims of a solu- 
tion of one jiart lo 17,500 of water (1 gr. to 40 oz.), so that oacb 
rewifwl sin "f grain (101 mg.;; and in less than 45 m. three 
of them had all their tentacles, except from four to ten, inflected; 
tho blade of ono Iwing inflected after G hrs., and the blade of a 
second after 21 hrs. The fourth leaf was not at all affected. 

le glands of none were darkened. Ot the corrcspon'l 
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in water, ouly ooe bod an; of its ex<«rior teiitAcle!^, namely live, 
inflecte'1 ; after 6 hrs. in oiw case, and after 21 his. iu two otber 
., the short t«ntii^les on the borders of the diEC formed a 
rin({, ill tlie usual nianni.>i'. 

Four leaves were immersed, each in thirty minims of n soluHun 
of one part to 43,750 of water (.1 gr to ICO ok.), so that each leaf 
got y^jc of a grain ("OIOS mg.). Of these, one \xo.a much in- 
flected in 8 m., and after 2 hrs. 7 m. had all tlie tentacles, 
except thirteen, inflcetud. The second leaf, after 10 m., had all 
except throe infleoted. The third and fourth were hnrdly at all 
affected, Bcarcely more than the corresponding leaves in water. 
Of the latter, only one was affected, this having tivo tentacles 
iiiBectfid, with tliose on the onter parts of the disc forming B 
ring in tlie usual manner. In tlie leaf wbich had all its ten- 
tneles except three inflected in 10 m,, each gland (assuming that 
the leaf txiro 160 tentacles) could liavc absorbed only j s Aire ^ 
a grain, or -OOOii j8 mg. 

Four leaves were wparately immersed as lieforo in il solution 
of one port to 131,250 of water (1 gr. to 300 ok ), bo that earh 
received ^^ of a grain, or ■0135 rag. After 50 m. one leaf had 
all its tentacles exrapt sixteen, and after H hrs. 20 m. all but 
fourtei^n, inflected. The second leaf, after 40 m., had alt but 
twenty inflected ; and after 8 hrs. 10 m. Iiegan to re expand. 
The third, in 3 hrs. hod about half its tentacles inflected, which 
hugao to reexpand after 8 hrs. 16 m. The fonrth leaf, after 
3 hrs. 7 m, had only twenty-nine tentacles more or less iiH 
fleeted. Thus three out of the foor leaves were strongly acted 
on. It is clear that very sensitive leaves had been accidentally 
selected. The day moreover was hot. The four corresponding 
leaves iu water were likewise acted on rather mnre than is usual; 
for after 3 hrs, one hod nine tentacles, another four, and 
another two, and the fourth none, ioflected. With respect ta 
the leaf of which all the tentacles, except sixteen, were infleoted 
after 50 ra., each gland (assuming that the leaf bore 160 ten- 
tacles) could liave absorbed only a^i/id of a grain (-0000937 
mg.), and this appears to he about the least quantity of the 
nitrate which suffices to induce the inflection of a single tentacle;. 

As negative results arc important in eonflrming the foreguing 
positive ones, eight leaves were immersed as before, each iu thii'ty 
minims of a solution of one part to 175,000 of water (1 gr. to 
400 oz.), so thai ench received only ^^ of a grain {"OlOl mg.i. 
This minute qiiautity (iroducod a slight effect on only four of 
the eight leaves. One had fifty-six tentacles inflected after 
13 m.; a second, twtiity-six inflected, or sub-inflected. 
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S8 m. i n third, cightecu inflcrteil, aftor 1 hr. : uatl <i fourth, 
tm inflnrUxl, nflvr 35 ni. The four olher IcuTea were not in 
the least atffcted. Of the eight coriwixindiDK Icavts iti water, 
one had. after 2 hi«. 10 m., aiuc Icniaclut. and four olhere taaa 
one to four long- beaded teotocles, inflicted; the reniiuiiing three 
bdng nnnfleclcd. Hence, the ^^n of a grain git'ea to a eeofii- 
tire leaf during wann weather perhaps prodiiircs a slight effect; 
but we must bear in mind that occssionall; wat4.'r caueos ae 
great an amount of inflection oe occurred in this last ex- 
peritncnt 



Summary of Om Results Ktth Nitrate of Amnwfiia. — 
The glands of tbe disc, when excited by a half-minim 
drop (■0296 ml.), contaiuiug ^vVo of a grain of the 
nitrate (-027 mg.), transmit a motor impulse to the 
exterior tentacles, causing them tu heu'l inwards. A 
minute drop, containing ^ . J „ „ of a grain (■(KI225 mg.), 
tf held for a few seconds in contact with a gland, 
causes the tentacle bearing this gland to be inflected 
If tt leaf is left immersed for a few hours, and some- 
ttiues for only a few minutes, in a solution of such 
Mlrongth that each glaud can absorb only the ^ ^ , ', ^ „ 
of II grain (•0UO0B37 nig.), this small amouut is 
enough to excite each tentacle into movement, and 
it becomes closely inflected. 



Phosphate of Ammonia. 

This salt is more powerful than the nitrate, even 
in a greater degree than the nitmte is more powerful 
than the carbonate. This is shown by weaker solu- 
tions of the phosphate acting when drop])ed on tlie 
discs, or applied to the glands of the exterior ten- 
tacles, or when leaves are immersed. The difference 
in the power of these three sails, as trieil in three 
difl'erenl ways, supports the results presently to be 
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given, which are so surprising that their credi- 
bility requires evtsry kind of support. In 1872 I 
experimented on twelve iniineraed leaves, giving each 
only teu minims of a solution; but this was a bad 
method, for so small a quantity hardly covered them. 
None of these exporimenta will, therefore, be given, 
thongh they indicate that excessively minute doaes 
are efficient. When I read over my notes, in- 1873, 
I entirely disbelieved them, and determined to make 
another set of experiments with scrupulous care, on. 
the same plan as those mud» with the nitrate ; namely 
by placing leaves in watch-glasses, and pouring over 
each thirty minims of tho solution under trial, treat- 
ing at the same time auil in the same manner other 
leaves with the distilled water used in making the 
solutions. During 1873, seventy-one leaves were thus 
tried in solutions of various strengths, and the same 
number in water. Notwithstanding the care taken 
and the number of the trials made, when in the 
following year I looked merely at tho resnits, without 
reading over my observations, I again thought that 
there must have been some error, and thii'ty»6ve fresh 
trials were made with the weakest solution ; but { 
the results were as plainly marked as before. Al- 
together, 106 carefully selected leaves were tried, 
both in water and in solutions of the phosphate. 
Hence, after the most anxious consideration, I can 
ontertoin no doubt of the substantial accuracy of my 
results. 



Before giving m; expert meuts, it may he well to premise tlmt 
cryBtallised plioHplinte of ammonia, sach as I used, conloins 
3S-33 per cent, of water of crystal! iBalion ; so that in all the 
following trials the efficient elements formed only 61'67 per 
cent, of the xalt used. 

Extremely njinule particles of the dry phosphate were placed 
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with tlio point of n needle on the accretion enrrounding seTenl 
glandH. These puurud fortli muoh secretion, were blackcmed, 
and ultimately died; but the teutocIbB mored only slightlf. 
The dwie, small as it van, erideutly was too great, and tho 
reauit was the aanio as with partielefi of the carbonate of 
ammania. 

Ualf-raiDJins of a solution of one part lo 437 of nater woM 
placed on the discs of throe leavea and acted luost energetically, 
cauetng the tenlocles of one to be inflcM.'ti^ in 15 m., and 
the blades of all three to bo much curved iDwarda in 2 bis. 
15 m. Similar drops of a solution of one part to 1313 of water, 
(1 gr. to 3 0£.) were then placed on the diacs of five leavea, 
n> that each received the j^ of a grain (-0220 rag.). After 
8 hiE. the tentacles of four of them were conajderably inflected, 
and after '2i hm. the blades of three. After 48 hrs. all five 
were almost fully re-expanded. I may mention with respeot 
to one of these leaves, that a drop of water had been left 
during the previous H hrs. on its due, but produced no effect; 
and that this was hardly dry when the solution was added. 

Similar drops of a solution of one part to 1750 of water (1 gr. 
to4oz,) were next plact-d on the discs of six leaves; so that 
each received j^'^e of a grain (-0169 mg.) ; after 8 hre. three of 
them had many tentacles and their bladcR infiected; two others 
had only a few tentacles slightly inflected, and the sixth was 
not at all affected. After S4 hrs. moet of the leaves hod a few 
more tentacles inHected, but one had begun to re-expand. We 
tfaua see that with the more sensitive leaves the ^-^f^ of a grain, 
absorbed by the central glands, is enough to make many of the 
exterior tentacles and the blades bend, whereas the y^j of a 
grain of the curlionate similarly given i>roduced no effect; and 
fj^ of a grain of the nitrate was only just suflioient to prodnce 
a well-marked effect. 

A minute drop, about equal to ^ of a minim, of a solution of 
one port of the phosphate to 875 of water, wan applied to the 
Becretion on three glands, each of which thus rec^'ived onl3 
yr Has of f Rrain ('0U112 mg.), and all three tentacles became 
inflected. Similar drops of a solution of one {lart to 1313 of 
water (1 pr. lo 3 oz.) were now tried on three leaves; a drop 
being a]iplicd to four glands on the same leaf. On the first 
loaf, three of the tentacles becAme slightly inflected in 6 m., and 
re-expanded after 8 hrs. 46 m. On the second, two tentacles 
became sub-inflected in 13 m. And on the third all four ten- 
tacles were decidedly intlceted in 12 m. ; they remainud so for 
8 hrs. 80 m., but tiy the next morning were fully re-expanded. 
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^B In this latter co-ie each gland coulil have received only the 

^H m^i,gj (or *0005f)3 rag.) of a grain. Laatly, similar drops of a 

^P Bolation of oue part to 1700 of water (1 gr, to 4 ok.) weje tried on 

five leavea ; a drop bciug applied to four glands on ttio Hamo 
leaf. The tentacles on three of these leaves were not in tho 
least affected; on the fourth lenf, two hucsme inflected; whilst 
on the fifth, which happened to be n very senaitive one, all four 

I tentacles were plainly inflected in 6 hrs. 15 m. ; bnt only one re- 

mained inflL'oted after 24 hrs. I should, however, state that in 
this case an unusually large drop adiiored to the head of the 
pin. Each of these glands could have received very little more 
than iTjWi "f ^ grain (or 000423) ; hut this small qnantity 
anfflced to cause inflection. We must bear in mind that these 
drops were applied to the viscid secretion for only from 10 to 
15 secondfi, and we have good reason to Iwlieve that all the 
phosphate in the solnlioa would not be diffused and absorlied in 
this time. We have seen under the same circumstances that the 
absorption by a gland of y^iTn! "^ » gr^'n "f the carbonate, and 
of r , j in ; of a grain of the nitrate, <) id not cause the tentaolo bear- 
ing the glaod in question to be inflected; se that here again the 
phosphate is much more powerful than the other two salts. 

We will now turn to the 106 experiments with immersed 
leaves. Having ascertained by repeated trials that moderately 
strong solutions were highly cfBcient, I commenced with aixteen 
leaves, each placed in thirty minims of a solution of one part 
to 43,750 of water (1 gr. to 100 oz.) ; bo that each received 
yAss of a grain, or -{MO-jS mg, Of these leaves, eleven had 
nearly all or a great number of their tentacles inflected in 
1 hr., and the twelfth leaf in 3 hrs. One of the eleven had 
every single tentacle closely inflected in 50 m. Two leaves out 
of tiio sixteen were only moderately affected, yet more so 
than any of those simultaneously immersed in water; and the 
remaining two, which were pale leaves, were hardly at all 
affected. Of the sixteen corresponding leaves in water, one 
had nine tentacles, another sis, and two others two tentacles 
inflected, in the course of 5 hrs. So that the euntrast ir 
appearance between the two lots was extremely great. 

Eighteen leaves were immersed, each in thirty minims of ft 
Bolution of one part to 87,500 of water (1 gr. to 200 oz.), so 
that each received j^Vs of * Pf^i" (-0203 mg.). Fourteen ol 
these were strongly inflected within 'i hrs, and some of them 
within 15 m. ; throe out of the eighteen were only slightly 
Kffaoted, having twenty-one, nineteen, and twelve l^utaelee iu- 
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fleeted; Mul one won not nt all acted on. By an accident unly 
ftfteen, instead of utgliteen, lenvoe were ininiereed at tlie same 
time in wuter; these were oliserved for ^ hrs. ; one had eii, 
anothfir four, and a third two, of their outer tentacles inflecled; 
the reiuiundcr IxiDg quit« unaffected. 

The next experiment was tried under very favourable circuni- 
ataucts, fort he day (July 8) was Vfry warm, and I happened 
lu huTO imuHually fine leaves. Five were immersed as liefore in 
H solution of one part to 131,250 of water (1 gr. to 500 oz.). tc 
that each received ^^ °f " grain, or -Oiaa mg. After an 
iraroeiKion of 25 m. all live leaves were routh inflected. After 
1 far. 25 m. one leaf had all bnt eight tentacles inflected ; the 
Hcond, all but threti ; the third, all but five ; the fourth, all but 
twenty-three; the fiFth, un the other hand, never had more 
Ulan twenty-foar inflecled. Of the corresponding live l«ave« in 
water, one had sevou, a second two, a third ten, a fourth one, 
and a fifth none inflected. Let it be observed what a contrast 
is presented l>etwcen these latter leaver and those in the solu- 
tion. I counted the glands on the second leaf in the solution, 
ftnd the nuuilH:r was 217; assuming that the three tentacles 
which did not become inflected absorlied nothing, we Hnd 
tliat each of the 214 remaining glands could have absorbed 
only T05+1OT of a grain, or "0000631 mg. The third leaf bore 
336 glands, and subtracting the five which did not become in- 
flected, each of tlie remaining 331 glands could have absorbed 
oo'y Tmlssii "^ " B"^'" ('''■ '0000684 mg.), and this amount 
sufficed to cause the tentacles to lieud. 

Twelve leaves were tried as before in a solution of one part to 
175,000 of water (1 gr. to 4O0 oi.), bo that eitch leaf received j^ 
of a grain ("0101 mg.). My plants were not at tl^e time in 
k good slate, and many of the leaves were young and pale. 
Nevertheless, two of them had all their tentacles, except three 
or fonr, closely inflected in under 1 hr. Seven were con- 
sidarably affected, some within 1 hr.. and others not until 3 hrs., 
4 hrs. 30 m., and 8 hrs. had elapsed; and tliis slow itction 
may be attributed to tlie Icavm being young and jiale. Of 
these nine leaves, fotu* had their blades well inflected, and a 
fifth slightly so. The three remaining leaves were not affected. 
With respect to the twelve corresponding leaves in water, not 
one had it^ blade inflected; after from 1 to 2 hrs. one hod 
thirteen of its outer tentacles inflected; a second six, and four 
others either one or two inflected. After 8 Ill's, the outer 
tentacles did not liecome more inflecled ; whereas this occurred 
*ilh tile kiavfK in the solution. I record iii my notes thai 
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after the 8 bja. it wa.s impossible to compare tiie two lots, and 
doobt for an inBtant the power of the Bolution. 

Two of the above leaves in the sohitian had all tlieir tentaclue, 
except three and four, inflected within an hour. I counted their 
glands, and, on the same principle as beforu, each gland on one 
leaf could have absorbed only ]|^i,f,n . and on the other leaf 
only TTTiireB' of a grain of the phosphflta. 

Twentj leaves were immersed in the uannl manner, each iii 
Uiirtj minimB of a solution of one part to 218,750 of water (1 gr. 
to 500 o?;.). So many leaves were tried Iwcanno I was then 
under the fahte impression that it was increilible that anj 
weaker eoliition conid produce an effect Each loaf received 
BiAio of ft PTOJn, or 0081 mg. The first eight leaves which I 
tried both in the solation and in water were either young and 
pale or too old ; and the weather was not hot. Thej were hardly 
at all affected; nevertheless, it would be unfair to exclude them. 
I then waited until I got eight pairs of line leaves, and the 
weather was favourahlo ; the temperstnrc of the room where tha 
loaves w.Te immersed varying from 75' to 81° (23^-8 to 27°-2 
Cent.). In another trial with four pairs {included in the abovo 
twenty pairs), the temperature in my room was rather low, 
about GCT (15°'5 Cent.) ; but the plants hail lieen kept for several 
days in a very warm greenhouse and thus rendereil extremely 
sensitive. Special pi-ccautions were taken for this set of expeii- 
inenls; a chemist weighed fur mc a grain in an escelleiit 
balance; and (reah water, given mo by Professor Frankland, waa 
carefully meaenred. The leaves were selected from a largo 
number of plants in the following manner : the four finest were 
immersed in water, and the next four finest in the solution, and 
so on till the twenty pairs were complete. The water specimeiu 
were thus n little favoured, but they did not iindergo more in- 
flection than in the previous cases, coraparatirely with those 
in the solution. 

Of the twenty leaves in the solution, eleven becmme in6ected 
within 40 m. ; ei^ht of thorn plainly and three rather doubt- i 
fnliy; but the lattt'r had at least twenty of their outer tentaclea 
inflected. Owing to the weakness of the solution, inflection 
occurred, except in No. 1, much more slowly than in the pre- 
vious trials. The condition of the eleven Imvps which were 
considerably inflected will now be given at stated intervals, 
always reckoning from the time of immersion :— 

(1) After only 8 m. a large number of tentacles inflected, 
ind after 17 m. all but fifteen; after 3 hrs. all but eight in- 
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Biy^tod, or plaiuly siib-iii fleeted. After 4 hra. the teutaoles 
bmtna to rv-GXpaud. and sui'h proiupt re-oipansion is tmuHual ; 
tttttir 7 hrs. 30 iti. tbay were almost tuUy re-espanded. 

('i) After 3'J m. a large number of tentAcles inflected ; aftur 
tj hrs. 18 ID. all but twciity-fire iDftect^d ; aRer i hra. 1? m. ull 
but BixteDD iuHocted. Thu luof remained in this Btiit« for many 

(3) After 12 m. a coiiHiderBble smount of inflection ; aflei 
1 hrs. alt the tontacles inflecteil eic«pt tho§e of the two outer 
K>W8, and tiio leaf remained Jn this Btote for some time ; after 
23 hrs. began to re-expand 

(i) After 40 m. much inflection ; after 4 lirs. 13 m. fully balf 
the tentacles inflected ; after 23 brs. etUl slightly inflected. 

(5) After 40 m. much infioction ; after 4 hra. 22 m. fully half 
tbe tentaulcB infliM!t«d ; after 23 hrs. still slightly inflected. 

(6) After 4Q m. some inflection ; after 2 brs. 1» m. about 
twenty-eight outer teotacles iuflected ; after G hrs. 20 m about a 
third of the tentacles inflected ; after H hrs. much re-expAuded. 

(7) After 20 m. some inflection ; after 2 hrs. a considerablo 
number of tentacles inflected ; after T hrs, 45 m. began to 
rc-expand. 

(B) After 38 m. twenty-eight tentacles inflected ; after 8 hrs. 
45 m, tbirty-thrce inflected, with most of the subniarginal 
tentacles sub-inflected ; continued bo for two days, and then 
partially re-expanded. 

(9) After 3a m, forty-two tcnlacles inflected; after 8 hrs. 

12 m. sixty-Hii inflected or sub-inflected ; after 6 hrs. 40 m. all 
but twenty-four inflected or snb-iuflected ; after 9 hrs. 40 m. all 
but Berontc-en inflected; after 34 hrs. all but four inflected or 
sub-inflected, only a few being closely inflected ; nflur 27 hrs. 
40 m. tlie blade inflected. The leaf remained in this state for 
two days, and then began to re-expand. 

(10) After 38 m. twenty-one tentacles inflected ; after 3 his. 

13 m. forty-six tentacles inflected or sub'infleuted ; after 6 hrs. 
40 lu. all but seventeen lufleeted, though none closely : after 
21 hiB. every tentacle slightly curved inwards . after 27 hrs. 
40 m. blade strongly inflected, and so continued f»r two days, 
ftnd then the tentacles and blade very slowly re-eiponded. 

(11) This line dark I'ed and rather old leaf, tliough not very 
Urgfi. bote an extraordinary nuniljer of tentacles (viz. 2ii2), and 

ner. After 6 lirs. 40 m, only the 
r part of the disc were inflected, 
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iO nj. ftll the outer tentrwies eseept tweD*j-five wore inflected, 
OS was the hlailo in h strongly inurked munnc-r. After 24 hrti, 
every tentnclo except one was closely inflected, and the blade 
WHS oonipletely doubled over. Thus the leaf remained for two 
daye, when it began to re-expand. 1 may add that the three 
latter leaves (Nob. 9, 10, iiud 11) were etill somewliat inflected 
after three daya. The tentaoles in but few of these eleven leaves 
became clos'li/ inflected within eo short a time as in the pre- 
viouE experiments with stronger liolutions. 

We will now turn to the twenty corresponding leaves in water. 
Nine had none of their outer tenta^^les inflected; nine others 
had from one to thrw inflected; and these re-oxponded after 
8 hrs. The remaining two leaves were moderately affected ; ona 
having six tentacles inflected in 34 m. ; the other twenty-three 
infected in 2 hra, 12 m. ; and both thus remained for 34 hrs. 
None of these letives had their blades inHected. So that the con- 
trast between the twenty leaves in water and the twenty in ths 
solution was very great, both within the first hour and after 
&om 8 to 12 hrs. hrul elapsed. 

Of the leaves in the solution, the filanda on leaf No. 1, wliioli 
in 2 hrs. had all its tenticlcs except eight inflected, were 
counted and found to lie 202. Subtracting the eight, each gland 
could have received only the Tiiiitsa °^ ^ grain ('OOOOlll nig.) 
of the phosphate. Leaf No. 9 liad 213 tentacles, all of which, 
with the exception of four, were inflected after 'ii hrs., but 
none of them closely ; the blade was also infiectcd ; each gland 
could have received only the ig ^ iooft ti^ ^ grain, or ■0000387 
mg. Lastly, leaf No. 11, which had after 24 hrs. all its ten- 
tacles, except one, closely inflected, aa well us the blade, bore 
the unusually large number of 252 tentacles; and on the same 
principle as l>eforc, each gland could have absorbed only tbft 
jBiflijiSEFOfa grain, 



With respect to the following experiments, I must premiss { 
that the leaves, both those placed in the solutions and in water, t 
were taken from planis which had been kept in a ver? warm i 
greonhouse during the winter. They were thus rendered ex- 1 
tremely sensitive, as was shown by water exciting them mioh ^ 
more than in the previous experiments. Before giving mf i 
obaerrntions, it may be well to remind the reader that, judging ( 
from thirty-one lino loaves, the average number of tentacles n ( 
192, and that the outer or exterior ones, the movements al 
which are alone significant, arc to the short ones on the disc iO 
the proportion of about sixte^u to nine. 
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Foot ItsTeH were inuiiHrnxl us before, eauli in thirty minimi 
of a solution of one pari to :'I2U,I20 of wntor (1 gr. to 750 oz. i. 
Each leaf IIiub roeeived ,ri i 5« "^ " B™"" ( OUM uig.) of the stilt ; 
ami all four wlto greutty inHuutiMl. 

(1) After 1 hr. nil tlie outer ttstitacles bnt oDo inflected, and 
the blade greatly so -, after 7 tirs. beguu to re-expund. 

(2) After 1 lir. all the outer tcutaclus but eight iofiocted; 
ftfler Li brs. all re-cipaudiKi. 

(8) After 1 hr. much inflection ; utter 2 lirs. 30 ni. all the ten- 
taelw but thirty-six infltctod; after 6 hra. all but twenty-two 
inflected ; after 12 lira, partly ro-eipandfU. 

(4) After 1 hr. all the tentacles hut thirty-two inflected; after 
3 bia. 30 m. all but twenty-one inflected ; after ii hrs. almost 
n-eipanded. 

Of tlie four correGponding leaves in water : — 

(1) After 1 hr. fort j-flve tentacles inflected ; but after 7 hre. 
BO mooy hod re-expanded tlial only ten remained much inflected. 

(2) After 1 hr. Rtven tentaclL-s inflected ; these wure almost 
le-expeuulod in 6 hrs. 

(3) and (-1) Not afieoted, eicept that, ns usual, after 11 brs. 
tbe short tentacles on the borders of the disc formed a ring. 

There can, therefure, be no doubt about the cffii'ieuej of the 
' kbove Bolntion ; und it follows as before that each gland of No. 1 
could have alworbcd oa!y ^ti i ano of a grain ( 0ODO2C8 mg.) 
and of No. 2 only mUss o( a grain (-00002(33 mg.) of the 
phosphate. 

Seven leaves were immersed, each in thirty minima of a 
eolutiou of one part to 4a7,5lXi of water (1 gr. to luOO oz,). 
Each leaf thus leceivod y^ug of u grain (•00105 mg.). The day 
was warm, and the leaves were very flue, so that all circum' 
Btoncea were favourable. 

(1) After 30 m. all the outer tentacles except Ave inflected, 
and mo6t of them ulosely; after 1 hr. blade slightly inflected; 
after 9 hch. 30 m. began to re-expand. 

(2) Af^r 33 m. all the outer teutacle« but twenty-tlve in- 
flected, and blade slightly so; after 1 hr. 'SO m. blaie strongly 
inflected and renjained ao for 'M lira. ; but some of the tentacles 
bad then rc-eipanded. 

(3) After 1 hr. all but twelve teiitiiclcs inflected ; after 2 hrs. 
30 m. all but nine inflected ; and of the inflected tentacles al! 
excepting four closely; blade slightly inflected. After 8 hrs. 
blltde quite doubled up, and now all the tentacles excepting 
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eight closely inflected. The leaf remaiaed in tlilB state for two 
days. 

(4) After 2 lire. STJ m. only fifty-nine tentacles inflected ; but 
after 5 brs. all the t«iitacleH elosuiy iofleuted excepting two 
which were not affected, and olevun nhiuli wure only auh-iu- 
fleuted; ftfler 7 hrs, bludu considerably iafiecleili after 12 brs. 
much re-eipaosion. 

(5) After 4 hra. all the tentacles but fourteen inflected ; afttp 
hrs. 30 m. beginning to re-expand. 

(6) After 1 hr. thirty-Pii tentacles inflected; aEter 5 bra. all 
but flfly-four inflected; after 12 hre. considerable re -expansion. 

(7) After 4 hrs. 30 m. only thirty-five tentucloa inflected m 
Hub-inflected, and this small amount of inflection noTcrincreaBod. 

Now for the sHvcn c<)ri'Qsponding leaves in water: — 

(1) AEter i hre. thirty-eight tentacles inSected ; but after 
7 lira, tlu'se, witlt the exception of six, re^xpinded. 

(2) After 4 his. 20 m. twenty iiifiectedi these after S hn, 
partially re-cxpanded. 

(3) After 4 bra. five inflected, which began to re-expand after. 
7 brs. 

(4) After 24 bra. one inflected. 
(6), (6) and (7) Hot at all affected, though observed Bw 

24 hrs., excepting the short tentacles on the borders of the diae, 
which as usual fanned a ring. 

A comparison of tbo learoa in the aolulion, especially ol 
the first five or even six on (he list, with those in the water, 
after 1 hr. or after 4 hrs., and in a still more marked d^ree 
after 7 hrs. or H hrs., could not leave the leaut doubt that the 
solution had produced a great effect This was shown not only 
by the vastly greater number of mflected tentacles, but by 
the degree or closeness of their iaflection, and by tliat of th^ 
blades. Tet each gland on leaf No. 1 (which bore 2a6 glands, all 
of which, excepting five, were infiectod in 30 ni.) could not have 
receired more tlian one- four-millionth of u grain ('0000162 
tng.) of the salt. Again, each gland on leaf No, 3 (which 
bore 23a glands, all of wlilcli, except nine, were infloctod in 
2 lirs. 30 in.) cuiilii have received at most only the anlo im of 
a grain, or "OOUOiai nig. 

Pour leaves were jmmersad as before in a solution of one part 
to fi56,250 of water (1 gr. to 15U0 02.) ; but on this occasion ~ 
liappencd to select leaves which were very little sensitive, 
on other occauons 1 chanced to select unusually aensitiTft 
leavea. The leaves were not more atlL-cted after 12 his. thaa 
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the four m)rre«|)oiiJinB ones in water; but nllor 24 lire, they 
were slfghlJ; mura iiiUut^ltfd. Such evidenco, howwer, is not at 

all trust worthy. 

Twelve leaves were immerBcd, each in thirty minims nf a eola- 
tion of one part to 1^11500 of water (1 gr. to 3U0O az.); m lliat 
Moh luuf received y^Jno ofa grain ('00135 mg.). The knvuH were 
not in very good L-ondition ; four of them were too old and of A 
dark red colour; four were too pale, yet one of thtsolntter acted 
weJl ; the four others, as far as could be luld by the eye, seemed 
in excellent condition. The result vras ns follows:^ 

(1) This wiisa pftlo Icof; after 40 lu. aliout thiity-eight ten- 
tacles inflected; after 'i hrs. '30 m. the bliidu and niuny of the 
outer tentaclea inflectwl; after 10 brs. 15 m. all the tentacles 
bat eeventeon tnttecl«d, tuid the hlsde quite doubled up; after 
31 hrs. all the t«nlacle8 bnt ten more or less inflected. Host 
of Uieui were closely inflected, but twenty-five were only sub- 
infiected. 

(2) After 1 hr. 40 m. twonty-five tentacles inflfHited; after 
6 hrs. all but tn-tuty-one inflected ; after 10 hrs. all but Biitcuii 
suae or leas inllected ; ntlor 24 hrs. re-exiianded. 

(3) After I hr. 40 ni. thirty-fivo inflected; after 6 hrs. "a 
laige number" (to quote my own nieinoranduin) inflected, 
bnt from want of time they were not eouulud ; after '21 hrs. re- 
ezpatidcd. 

(4) After 1 hr. 40 m. about thirty inflected ; after G hrs. "a 
large number all roond the leaf" inflected, but they were not 
counted; after 10 hrs. began to re-exi«nd. 

(5) to (12) These were not more inflected than leaves often 
MO in water, having respectively 16, 8, 10, 8, 4, 3, 14, and ten- 
tacles inflected. Two of these leaves, however, weni remarkable 
from hftviug their blades slightly inflected after 6 brs. 

With respect to the twelve corresponding leaves in water, (1) 
bad, after 1 hr. 35 m., fifty tentacles inflected, hot after 11 hrs. 
only twenty-two remained so, and these fonued a group, with the 
blade at this point slightly inflected. It appesrod on if this leaf 
had been in sumo mauner accidentally excited, for instance hy a 
particle of uoinjal matter which was dissolved by the water. 
(^y After I hr. ia m. tliirly-two tenlocles inflected, but after 
S hrs. 30 m. ouly twenty-five inflected, and these nfter 10 brs. 
pamied; (3} after 1 hr. twenty-five inftueled, which 
•fter 10 hrs. 20 m. were all re-expanded ; (4) and (5) after 
1 ht. 35 m. six and seven tentacles inflected, which re expanded 
kfter 11 hrs.; (G), (7) mid (8) friOTi one to three inflected, which 
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soon re-erpanded ; (9),(10),(11) and (12) noneiuflectotl, though 
oliserved for twenty-four hours. 

Comparing the etatesot the twelve lenves in witter with those 
ill the solution, thereconid he no douht that in thu latter a Inrgct 
number of tentacles were inflected, and thrse ton greater degi'ee; 
but the evidence wm hy no menns so clear as in the former ex- 
periments with stronger eolutions. It deserves attention that thfl' 
inflection of tour of the loaves in the solution went on inLTcasing 
during the first 6 hrs.,and with some of them for a longer time; 
whereas in the water the inflection of the throe leaves which 
were the most affected, as well as of all the others, began to d^ 
crease during this same interval. It is also rcmnrkable that the 
blades of three of the leaves in the solution were slightly in- 
flected, and this in a most rare event with leaves in water, 
though it occurred to a slight extent in one (No. 1), which 
seemed to have been in some manner accidentally excited. All 
this shows that the solution produced some effect, though laas 
and at a much slower rate than in the previous cases. The 
small elToct produced may, however, he accounted for in lorgK 
part by the majority of the leaves having been in a poor con- 

Of the leitves in the solution. No. 1 biire 200 giandeand received 
njoo °^ ^ grain of the salt. Snbtraoting tlie seventeen tentacles 
wliich were not inflected, e«ch gland could have absorbed only 
the KTrlireu of a grain ('00000738 mg.). This amount caused 
till! tentacle bearing each gland lo be greutly inflected. Tba 
blade was ulso inSocted. 



Lastly, eight leaves were immersed, each in thirty minimpof sS 
solution of one part of the phosphate to 21,875,000 of water (1 gr. ' 
to 5000 oz.). Eachleafthusreceived jjiJooof agrainof thesalt, 
or '00081 ffig. I took especial pains in selecting the finest leaves 
from the hot-house for immersion, both in the solution and tho 
water, and almost all proved extremely sensitive. Banning aa 
before with those in the solution :— 

(11 After 2 hrs. 30 m. all the tentacles but twenty-two in- j 
fleeted, hut some only sub-infiected ; the blade much inflec 
after 6 hrs. 30 m. all but thirteen inflocti'd, with the blada | 
immensely inflected ; and remained so for 4H hrs. 

(2) No change for the flrat 12 hm.. hut after 24 his. all thg ' 
tentacles inflected.ciceptin^thoseoftlieDiileimoetrow,of which ] 
only eleven were inflected. The inflection continned to increase^, 
and after 48 hrs. all the tenlaelcs except three were inflected,^ 
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att.l moat of tbom iuth«r closely, foui or Sto being odIj- sub- 
iullL'L-Ud. 

(3) No change for the first 12 hm,; hnt after 24 hrs. all tlia 
tonUcltis excepting those or the oiitcrmoHt row were Gub-iaflecteii, 
with the blade infleoleJ. After 3(i hrs, blude strongly inHeotecl, 
with all the ttulaok«, except three, inflected or Huli-inflect«d. 
After 48 hre. in the miw Klate. 

(4) to (8) The«e Iciivos, after 2 hrs. 30 m., had respectively 
32, 17, 7, 4, and U'Utacles inflected, moat of whidi, after a few 
liourn, re-eipanded, with the exception of No. 4, which retained 
its thirl.T-two teutacles inflected for 4b bra. 

Now for the eight correBponding leaves in water :— 
(1) After 2 hr«. 40 m. this had twenty of itti ontcr tentacles 
inflected, fiye of whici re-eipanded afl«r 6 lira. 30 m. After 
10 hre. 15 m. a mant unusual drcumatADce occurred, namely, 
the whole blade l«CAine Hlightly bowed towards the footstalk, 
and eo remained for 48 hrs. The exterior tentacles, excepting 

Pthow of the three or four outermost rows, were now also in- 
flected to an unuKiial degrra. 
(2) to (8) These leavus, after 2 hrs. 40 m.. had rospecliTely 42, 
12,9, tt, 2, 1, aud tentacles inflected, which all re-expanded 
within 24 hrs., and mnat of them within a much shorter time. 

When the two lots of eight leaves in the solution and in the 
wtier were compared after tbe lupso of 24 hrB., they undoubt' 

tedly differed much iu appearance. The few tentacles on the 
lenvee in water which were inflected had after this interval re- 
expanded, with the exception of one leaf; and this presented 
the very unusual case of tho blade being somewhat inflected, 
ttiSBgb in a degree hardly approaching that of the two leaves in 
1^ aotntion. Of these latter leaves, No. 1 had almost all its 
I wi k oles , together with ile blade, inflected after an immersion 
oTS hn. 30 m. Leaves No. 2 and 3 were affected at a much 
Blower rate; but after from 24 hrs. to 4S hrs. almost all their 
tentacles were elosely inflected, and the blade of one quite 
doubled up. We most therefore admit, incredible as the lact 
may at first appear, that tlus extremely weak solution acted on 
the more sensitive leaves ; each of which received only the 
s ziv n "f * Krain (■OOOKl ing.) of the phosphate. Now. leaf 
No. 3 bore 178 teiilucleH, and subtracting the three which were 
not inflected, each glaud could have absorbed only the ttboWib 
of ft grain, or -OOOOOIGS mg. Leaf Nn, 1, which was strongly 
Mted on within 2 hrs. 30 m., and had ail its outer tentacles, 
except titirteen, inflected within G lirs. 30 m., bore 2()0 tcntaclesi 
ud im the liaiDe principle as before, cooli gland could have 
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absorbed only y^r^^nraii "f » ff™'". "■' 00000328 mg, ; and this 
excessively mmuto atiiouiit siifflrcd to cauee all Iho tentacles 
bearing these glands to be gi'ciitly tnflectt'd- The blade 
inflected. 

Stimman/ of the Results with Phosphate of Ammonia. — • I 
The glands of tlie disc, ivlien excited by a half-minim I 
drop (■0296 ml.), contnining -j-iV^r of a grain ('0 
nig.) of this salt, trunsmit a motor impulse to the 
exterior tentacles, causing them to bend inwards, 
minute drop, containing T.Ts-iio "f ^ grain (-OOOiaS 
mg.), if held for a few seconds in contact with A 
gland, causes the tentacle bearing this gland to be 
inflected. If a leaf is left immersed fur a few hoursi 
and sometimes for a shorter time, in a solution so 
weak that each gland can absorb only the -, 
of a grain ('00000328 nig.), this is enough to excite 
the tentacle into movement, so that it becomes 
closely inflected, as does sometimes the blade. In 
the general summary to this chapter a few remarks 
will be abided, showing that the etliciency of such 
extremely minute doses is not so incredible as it 
must at first appear. 

Sulphate nf Jm?ii'fMi'j.— Tlio few ti'inls niiido with this and the 
following five suits uf ammonia were undertaken merely to 
ascertain whether they induced inflection. Half-minims of a 
Hohitioa of one part of the sulphate of aininonta to 437 of 
water were placed on the dines of seven leaves, so that eaah 
received ^ of a grain, or '0675 mfr. After 1 hr. tlie tenlacles 
of five of them, as well as the blade of one, were strongly 
infiocted. 'I be leaves were not uftenvards observed. 

Vitraie of A^iwonvi. — HBlf-minFms of a solution of one part 
to 437 of water were placed on the discs of six leaves. In 
1 hr, the short outer tentacles round the discs were a littlfc 
intlected, with the glands on the discs blackened. After 
3 hrs, 25 m. one leaf had its blade inflected, bnt none of tfae 
t^xterior tentacles. All six leaves remained in nearly the same 
stale during llu' day, tho subraBrginal tentacles, howevoR 
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becoming more inflncted. After 23 hra. three of the Ictives ]md 
their blades somewliat inflciitud ; nod the sabiuarginal teiitoclus 
of all conuidenilily inflectwi, but in none wure tho two, thn*, or 
four oator rows atfucttd. I liave rarely seen coses like this, 
except from the itctinn of u decoction of gmss. Theglnnda ou the 
dJBCa of the above leaves, instead of being almost block, as after 
the first hour, were now after '2S hrs. very pale. I ni'Xt triod 
on four leaves luilf-minims of a weaker solution, of une |>art to 
ISii of waler (1 gr to 3 oa.); bo that each received y^^j of 
k grain i'O^iiA mg.). After 2 hrs. 18 m. the glands on tho disc 
ware very dork -coloured ; after 24 lire, two of the leaves were 
slightly affected ; the other two not at all. 

Aettaie Kf Ammimta. — Ealf-miDiniB of a solution of dboat ons 
part to 109 of water were placed on the discs of two leaves, both 
of which were acted oo in 5 lira. 30 m., and after 23 hrs. had 
every single tentacle closely inflecled. 

Uro^ife uf .i'ii"Hrt,iV(.— Half-minims of a solution of one part 
to 218 of wut«k' were plactd on two leaves, which, after 7 hrs., 
become moderately, and after 23 hrs. strongly, inflected. Two 
other leaves were tried with a weaker solution of one part 
to 437 of water ; one waa strongly inflected iu 7 hrs. ; the other 
not nntil 30 lira, had elapsed. 

Tartrute a/ -4Hinio"W.— Hnlf-minitQB of n solution of one part 
to 'U? of water were placed on the discs of five leaves. In 
81 m. there was a trace of inflection in the exterior tentacles o( 
some of the leaves, and this became more decided after 1 hr. 
with all tho leaves; but the tentacles were never closely in- 
fleeted. After 8 hrs. 30 m. they began to re-expand. Next 
moming, after 23 bra., all were fully re-eipanded, excepting 
one which was still slightly inflected. The shortness of thii 
period of inflection in this and the following case is remark- 
nhte. 

Chloride nf Ammoniam, — Ilalf-ininiraR of a solution of one 
part to 437 of water were placed on the iliscs of six leaves. 
A decided degree of inflection in the outer and submarginal 
tentacles was perceptible in 25 m. ; and this increased during 
the next three or four hours, but never became strongly marked. 
Afler only 8 hrs, 30 m. the tentacles began to re-expand, and 
by the neit moming, after 24 hrs,. were fully re-eipanded on 
four of the leaves, but still slightly inflected on two. 
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salts of ammonia which were tried, all cause the in- 
flection of the tenUicles, anii often of the bhulc (rf 
the leuf. As far as can be ascertained from the 
superficial trials with the last six salts, the citrate is 
the least powerful, and the phosphate certainly by far 
the most. Tlje tartrate and chloride are remarkable 
from the short duration of their action. The relar 
tive efficiency of the carbonate, nitrate, and phos- 
phate, is shoivn in the following table by tho smallest 
amount which suffices to cause the inilectiou of the 
tentacles. 





CirbvnilQ uf 


A^'i^u' 


rii«n>iffli»rf 


Ptaud on the glands r>r 
the disc, so us to uct 
indireot ly on the outu 
tentacles .... 


•ObTS njg. 




■oieuW 


Applied for a few ee- 
conda dirtotly In thu 
pland of an outer 
U-ntoclB .... 


■(tfH45 mg 


■ooaT'mg. 


grain, or 
• 000438 mg-. 


time allowed for each 
giimd to absorb all 
that it «m . . . 


gmiu.or 
-Ul)U24mg 


■0000937 mg. 


■00000328 mg. 


tmount absorbed by a 
Rland which suMe^ 
to cause tho iwprc- 
KtAion of tho proto- 
plasm in tho adjoin- 
ing t«lla of the ten- 
luoles 


i^V.^-'fa 
Brum, or 
■00048 ine 







I 
I 



^ suits, 



From the experiments tried in lliese three dif- ] 
ferent ways, we see that tho carbonate, which con- 
tains 237 per cent, of nitrogen, is less efficient than ] 
the nitrate, which contains 35 per cent. The phw 
phate contains less nitrogen than either of thesej 
suits, namely, only 21*2 per cent., and yet is fax moNi9 
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eflicient ; its power no dotibt depending quite tis nintrh 
Mil tbe pbcisphorits as on the nitrogen which it conttiius. 
We in^y infur that this is the case, from the energetic 
manner in which bits of bone and phosphate of limo 
affect the lenves. The inflection excited by the other 
salts of ainmoniu is ]ir(ibubly due soWy to their nitro- 
gen, — on the same principle that nitrogenous organic 
fluids act powerfully, wliilst non-nitrogenons organic 
fluids are powerless. As snch minute doses of the 
salts of ammonia afTect the loaves, we may feci almost 
snre that Oroscru absorbs and profits by the amount, 
though small, which is present in rain-water, in the 
same manner as other plants absorb these same salts 
by their roots. 

The smallneas of the doses of the nitrate, and 
more espi^i-ially of the phosphate of ammonia, which 
cause the tentacles of immersed leaves to be inflected, 
is perhaps the most remarkable fact recordeil in this 
volume. When we see that much less than the 
millionth* of a grain of the phosphate, absorbeil by 
a gland of one of the exterior tentacles, causes it to 
bend, it may be thought that the efl'ects of the solu- 
tion on the glands of the disc have been overlooked ; 
namely, the transmission of a motor impulse &om 
them to the exterior tentacles. No doubt the move- 
ments of the latter are thus aided ; but the aid thus 
rendered must be insigniticant ; for we know that a 
drop containing as much as the xiri-? "^ ^ grain placed 
on the disc is only just able to cause the outer ten- 
tacles of a highly sensitive leaf to bend. It is cer- 



* £t ia Bain*l¥ poesible lo reul- 
be wh»t a mUlion metoiB. TIjo 
beat illiuttrstiou wliiob I Imve mi^t 
with is Ihat givun by Mr. Croll, 
wlw snys,— Take a onrrnw strip of 
gapei MS H 4 in. in luugtli, unil 



stretch it along the wall of a large 
hall ; then mark nlF at nne enil 
the lentil of an inoli. This tenth 
will reprencnt a hundred, 
entire strip a njillii)n. 
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taiuly a most surprising fact that the -rrrirrnrrr!.- of 8 1 
grain, or in round numbers the one-twenty-millionth J 
of a grain (■0000033 mg.), of the phosphate should \ 
affect any plant, or indeed any animal ; and as thji | 
suit contains 35*33 per cent, of water of crystallisation^ i 
the eflicient elements are reduced to t,,- . I'ju^ »{ a 
grain, or in round numbers to one-thirty-miUionth ] 
of a grain ('00000216 mg.). The solution, moreover, J 
in these experiments was diluted in the proportion at I 
one part of the salt to 2,187,500 of water, or one grain. / 
to 5000 oz. The reader will perhaps best realise j 
this degree of dilution by remembering that 5000 02. [ 
would more than fill a 31-gallon cask; and that to t 
this large body of water one grain of the salt waa ' 
added ; only half a drachm, or thirty minims, of the I 
solution being poured over a le.af. Yet this amount 
sufficed to cause the inflection of almost every ten- 1 
tacle, and often of the blade of the leaf. 

I am well aware that this statement will at Srst 1 
appear incredible to almost every one. Drosera is fat J 
from rivalling the power of the spectroscope, but itA 
can detect, as shown by the movemeuts of its leaves, a J 
veiy much smaller quantity of the phosphate of am,* i 
monia than the most skilful chemist can of any 1 
Btibstance." My results were for a long time incredible 4 



' Whan my firet observations 
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monJH, fiiurlecn ye&rs ugo, 
powfics of the spoitrOBcopo liud 
Mill been dlucoTOTed ; and I ftlt 
nil the erttitur interest in tbe 
ttiun unriviillfd imwers of Drosetii. 
\ovf the HpectrosmpQ hiiA ul- 
locether btiiti-o Dnrnera; Tor uc- 
coiilitiE to Buneen Hud Kirchboff 
prolialdj leHB thar one ,™i™ of 
H ^rrain of aodiiim eon oe thus 
diiltctvd yaee Balfour Stewuxt, 



' Tnmtise on Iltnt,' 2Dd edtt, 
I ST I, p. i28). With respect to 
ordinary chciniciil testa, 1 gathW 
from Dr. Alfred Tiiylor's voA 
ou ■ Poisons ' that about nkg "f * 
vruin of arsenic, ,^ at a giaiu 
of pniesic acid, ,^ of iMitii', 
u.id ^ of Inrtari-n-d nntimooy. 
Clio lie detoeti-d; but the powe( 
of dtteution de|iende luuoh on the 
eolutiona under trial not beiug 
eitremcl; weak. 
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even to myself, aDd I anxiously sought for every 
•ooree of error. The salt was in somo cases weighed 
for me by a chemist in an excellent balance ; and fresb 
water was measured many times with care. Tho 
obeervatioUB wore repeated during several years. Two 
of my sons, who were as incredulous as myself, compared 
several lots of leaves simultaneously immersed in thn 
weaker solutions and in water, and declared that there 
could be no doubt about the diflerence in their ap- 
pearance. I hope that some one may hereafter be in- 
duced to repeat my experiments; in this case he should 
■elect young and vigorous leaves, with the glands 
■nrrounded by abundant secretion. The leaves should 
be carefully cut off and laid gently in watch-glasses, 
And a measured (quantity of the solution and of water 
h ppozed over each. The water usod must be as ab- 
dy pure as it can be made. It is to be especially 
] that the ex|)erimonts with the weaker sohi- 
onght to be tried after several days of very 
warm weather. Those with the weakest solutions 
should be made on plants which have been kept 
for a considerable time in a warm greenhouse, or cool 
hothouse ; but this is by no means necessary for trials 
with solntions of moderate strength. 

I beg the reader to observe that the sensitiveness or 
irritability of the tentacles was ascertained by three 
different methods^indirectly by drops placed on the 
disc, directly by drops a])plied to the glands of the 
outer tcntack'S, and by tho immersion of whole leaves ; 
and it was found by these three methods that the 
nitrate was more powerful tlian the carbonate, and the 
phosphate much more powerl'iil than the nitrate ; this 
result being intelligible &om the difTerence in the 
amount of nitrogen in the first two salts, and from the 
presence of phosphorus in the third. It may aid the 
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reader's faith to turn to the experimenta with a 
aulution of one grain of the phosphate to 1000 oz. 
of water, and he will there find decisive evidence that 
the one-four-millionth of a grain is sufficient to cause 
the inflection of a single tentwie. There is, there- J 
fore, nothing verj- improbable in the fifth of this 
weight, or the one-twenty -millionth of a grain, acting 
on the tentacle of a highly sensitive leaf. Again, t\ro 
of the leaves in the solution of one grain to 3000 
nz., and three of the leaves in the solution of one ] 
grain to 5000 oz., were affected, not only far more 
than the leaves tried at the same time in water, but 
incomparably more than any five leaves which can be 
picked out of the 173 observed by me at different 
times in water. 

There is nothing remarkable in the more fact of the- 
one twenty-millionth of a grain of the i)hosphate, 
dissolved in above two-million tiines its weight of | 
water, being absorbed by a gland. All physiologists i 
admit that the roots of plants aljsorb the salts of ' 
ammonia brought to them by the rain ; and fourteen . 
gallons of rain-water contain" a grain of ammonia,.! 
therefore only a little more than twice as much as iQ I 
the weakest solution employed by me. The fact"! 
which apiM^ara truly wonderful is, that the one-tweoty- 
millionth of a grain of the phosphate of ammonia 
(including less than the one-thirty -millionth of effi- 
cient matter), when absorbed by a gland, should < 
induce some change in it, which leads to a motor -J 
impulse being transmitted down the whole length of ' 
the tt-utacle, causing the basal part to bend, often 
through an angle of above 180 degrees. 

Astonisbmg iis is this result, there is no sound reason 
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why we shuiikl reject it as incredible, I'rof. I->onders, 
of Utrecht, iniorms mo that from exi>erinieiita formerly 
made by him and Dr. IJe Ituyter, he inferred that lens 
than the one-millionth of a grain of sulphate nf atro- 
pine, in an extremely diluted state, if applied diret'tiy 
to the iria of a dog, paralyses the iiiuaclca of tliis orgiui. 
Hut, in fact, every time that wo perceive an odour, we 
buve evidence that inflnitely smaller particles act on 
our nerves. When a dog stands u quarter of a mile to 
leeward of a deer or other animal, and perceives its 
presence, the odorous particles produce some change in 
the olfactory nerves ; yet these particles must bo in- 
finitely smaller * than those of tlie phosplinte of am- 
uonia weighing the one-twenty-mi II iontb of a grain. 
These nerves then transmit some influence to the brain 
of the dog, which leoils to action on its part. WithHro- 
sera, the really marvellous fact is, tliat a plant without 
any specialised nervous system slioulJ be affecteil by 
such minute imrticles ; but we have no grounds for 
assuming that other tissues could not be rendered as 
exquisitely susceptible to impressions from without if 
this were beneficial to the organism, as is the 
system of the higher animals. 



• My ion, George Durwin, haa 
odonlBled Tnr me the diameter nf 
ft ■{rfioro of ptiwpljate of ammonift 
(tmolflo gnivitj 1 «7a), wrigh- 
InK the .TOi-twotity-iuillicnth of 
■ Rnln, »Dd Snds II tn Iv iJ^, of 
uilnch. Now.Ur. KWiiiinfomiw 
m6 that tbo rnnnJlcBt Mkrocotfi, 
KhtBh Eue dittincllj diMuiniible 
under a powor of t^iiO dimneteiB, 
ue estimated la be fniiii -iwua (o 
'0005 of a niilliiuutro — that ii, 
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BtlM of sodium, potoBsium, ami other lUkalinc, earthy, and motalliC 
bhIU — Siuumar; on the oation of these salts — Various ouida — 
Sulmnary on their aotion. 

Having found thut the salts of ammouia were so 
powerful, I wag led to investigate the action of some 
other salts. It will bo convenient, first, to give a list 
of the suljstances tried (including forty-nine salts and 
two nietallic acids), divided into two columns, showing 
those which cause inflection, and those which do not 
do 80, or only donbtl'ully. My experiments were madn 
by placing half-minim drops on the discs of leaves, or, 
more commonly, by immersing them in the solntions ; 
and sometimes by both methods. A summary of thu 
results, with some concluding remarks, will then be 
given. The action of various acids will afterwards bf» 
described. 

Salts cicshjo lSfLK<*io\. Salts not ciraiNO Ikpleltioii. 

lArranged <» Onrnpi according to the Cbtaiiail CUunJIailion iu WaUi J 

' Dietionarij of Chemiitri/: ) 
Sndiiui] carbonate, rapid ixtOoa- PotaCBiiim carlmliati 
SndiiiD) iiitrutp, rapid inflation. I'olui*iii 



Sodium sulphate, luoilurutely 

nipid infltxtirin. 
Emliiun phospbalo, very rapid lu- 

fiodiiuii citrate, mpi<l inflection. 
Sndium nwlHte, rapid iiitli^tinu 
Btrflum ehlnridp, liiiKii>rutBly r.ipid 



aluwly pai> I 
I'utunviuiD uitniti: : H»uuwlut p 
Potassium Bulpliutd. 
riilauiLiuit pliosphiito. 
Pottu-niuin citrate. 
Putas-iuni clilorWe. 
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^B C\tkl: VUL EFKBCTa OF VARIOUS SALTS. 


^B Salts cAEaiKO iNfLBcriow. 


Salts nut uaibinu hnjumon. ^^M 


^1 (.lrnini;«I in Oroup* ammding In Iha Chemical Clafifieaiio 


a IH WalU' ^H 


^K ■ Dictioaary 


o/Che,^tr!i: 


^H 


" Bodium iodide, rather slow mBcc- 


Potowium iodide, a 


alieht and ^| 


lion. 


doubtful umouril of i 


iiiflcctiuu ^^H 


Budiuuibi«tnidc,tiio<i«rHttrl)' mpid 
Potuiaiuin oialute, slow miil 


PotuHsiuiu bromide. 






^H 


^m doubtful inllMMion. 








Lilbimn iKcUlo. 










^^1 CtBduin chloride, rather alow in- 






^M Deotion. 






^^B Silver uitrate, rapid inflection: 






^m quick poison. 




■ 


^^H Cadmium chloride, elow inflection. 


Calcium acetate. 


V 




Calciiuu nitrate. 




^^H Uon : quick poison. 


Mii^rnuaium nitrate. 




^H 






MogouBiuin chloride. 






HagDiwium solphate. 






BimuiD acetate. 






Burium nitrate. 






Strontium acetate. 






Strontium nitrate. 




M 


Zinc cbLiriJci. 






Aluminium nitratp. a i 


traoe of in. 


^H doubtful inflection. 


Hei'tion. 




^H Gold ohloride, rapid iofloction: 




H quitJ. poison. 


phata 




^^m Tin chloride, alow inQection : poi- 


Lcadchlorida. 




■ -"■ 






























^H .ma chloride, slow inflection: 


MauganGse clilorids 




^H probably poisonou». 






^H ChroTuio acid, qidck inflt'CtLOQ : 






^H Camm ebloride, rntbcr alow in- 
^H fl«Dtion: poiiMiDoiu. 


Cobalt ohtorida 




^H Nickel chlori.t«, mpid inllectioD : 






^m Flatinilm^c^riderrapid ioUoc- 






^H Um: poIiKiiiouH. 




^ 
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tvdiuvi, Carhonale nf (pure, given me bj Prof. Uuflinnnn). — 
HRir-ntinima ( 0206 ml.) ut a Holutiun of ono pirt to 2m of 
water (2 grs, to 1 ok.) wero plnccil on tlie discs of twelve Icavum. 
Seven of tliese liecnme well inflL.»ct«i; tlirao hitd only two ot 
three of tlieir ouler tentiiclcs iiiUected, and thu reniaininf; two 
were quite unaffL'cttd. But the dose, tlniueli oulj tho ^^ of » 
gruin ('135 nag.), was evidently t«o etroug, for three of the 
eeven well'inflecUid leaves were killed. On tlio otlier lisnd, ono 
of the lieven, whiuh had only a few tenlacles inflected, re- 
oxpanded and seemed quite tiuultlij after it) his. Uy employing 
a weaker HoluUun (viz. one part to 437 of water, or 1 gr. to 
1 OK.), doBfis of i^ of a grain (-0676 mg.) were given to six 
leaves. Some of tht'w were alTecled in 37 m. ; and in 8 hrs. the 
outtir tentacles of all, as well els the blades of two, were con- 
siderably infleuted. After 23 hra. 15 m. the teutoeles bod 
almost re^'Xpanded, bat tlie bliides of tho two were £tiU jost 
perceptibly curved inwards. After 48 hra. all six loaves were 
folly re-expanded, and appeared perfectly healthy. 

Three leaves were immersed, each iu tliirty minims of a solu- 
tion of one part to 875 of water (1 gr. to 2 oz.), ao that eacb 
received j^ of a grain (2-02 mg.) ; after 40 m. the three wore 
much affected, and after 6 brs. 45 m. the tentacles of all and 
the blade of one closely inflected. 

tio'liuni, NiliniK '</' (puio).— Half-mini nis of a eohition of ono 
part to 437 of water, containing ^Jq of a grain ('0675 mg.), 
were placed on the discs of iivu leaves. After 1 hr. 35 m. tito 
tentacles of nearly all, and the blade of ono, were somewhat 
inflected. The ioSection continued to increase, and in 21 hra. 
15 m. the tentacles and the blades of four of them were grcatlj 
affected, and the blade of the fifth to a slight extent. After an 
additional 2-1 hrs. the four leaves still remained closely inflected, 
whilst the Hfth was Ix^inuing to expand. Four dajs after the 
solution had been applied, two of the Icikves hud quit«, and onu 
had partially, re-expandtd ; whilst the remaimug two remaineil 
closely inflected and appeared iiynrod. 

Three leaves were immereed, each in thirty minims of a solu- 
tion of one part to 876 of water ; in I hr. there was gi'cat iuflvo- 
tion, and after ti hrs. 15 m. every tentacle and the Madce of all 
Ihi'uo were most strongly inflected. 

Saliam, huljiluiU of. — Hulf-minims of a solution of one port 
lo 487 of water were placed on the discs of six loaves. Aflet 
b hrs. 'dO m. the ti'Utacli:s of throe of thorn (with tlie blade 
one) were consi'lerably, and those of the oilier three slightly, 
inflcuted. After 21 hrs. the iaflcctian hud a little decrewod, 
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■ad in 45 hrs. the leavea were fully oxpanilisl, njijifttrinB i|iiit« 
beallhy. 

Three lenvot wcra immcrseil. each iii thirty miuiniB nt a Roln* 
tion of otiu [lurt of the Kul|)hate to 875 of water; afti-r I hr. 
30 in. tht-ni viae eomo iiifleutioD, whicli inctvoecM.! so tiiuuh tlint 
in b hrs. 10 m. nil the h^Dtoclui aud the himicH of nil tliroo k^vi'S 
wore cloeely inflixiti'd. 

tio'liam, PhofphiiU i/. — Half-ininimB of a solution of one ]iart 
to 437 of wftfor were placed on the dim-B of six leaves. TIm) 
•olution acted with extraordinary rapidity, for in 8 m. the ouitr 
tentacles ou sitvoral of the leaves weru much incurved. After 
6 hrs. the tcntnclce of all six leares, and the blades of two, were 
oloeely iBflecled. This Mat* of things continnod for Ui hrs., 
excepting that the blade of a third Itnf liecame incurved. After 
4S bra. all the leaver re-expauded. It is clear that ^q of a 
grain of phosphate of soda has great power in causiug in- 
flection. 

^oi/ium. Citraie of, — Half-minims of a soiulion of one part to 
437 of water were placed on the discs of six leaves, tiut tliuse 
were not oliserved until 22 lira, had elapecd. The sub- 
marginal tentacles of five of them, and the blades of four, were 
Uien found inflected ; hut the outer rows of tentacles were not 
affected. One leaf, which ajipcareil older than the others, was 
very little affected in any way. After 46 hrs. four of the leaves 
were almort re-oxpanded, incinding their blades. Throe leaves 
were also immersed, each in thirty minims of a solution of one 
part of the citrate to 875 of water; they were much acted 
on in 25 m. 1 and after G hrs. 35 m. almost all the tentacles, 
including those uf the outer rows, were inflected, btit not the 

yodiim, Ornlatr o/'.— Half-minima of a solution of one part to 
437 of water were placed on the discs of seven leaves ; after 
5 hrs. 30 m. the tentacles of all, and the blades of most of them, 
were much affected. In 22 lira., besides the inflection of t)ie 
tentacles, the blades of all seven leaves wore so much doabltni 
over that their tips and base.s almost touched. On no other 
occasion have I seen the blades so alfongly affected. Three 
liMves were also irumcrsed.cach in thirty luiuims of a solution of 
one port to B7ii of water; after 30 m. there was much inflection, 
and aflt'r 6 lu^- 35 m. tliu blades of two and tiiu tentacles of all 
were closely inflected. 

S'iium. V/'loiidr: uf (liest culinary sail),— naif- mini ins of a 
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of four leaves. Two, apparently, were not at all affect*id in 
48 lirs, ; the third bad its tentacles sligbtly inflected ; whilst 
the fourth had almost all its tentacles inflected in 24 hrs., and 
those did not begin to re-espnnd until the fourth day, and were 
not i^rfectly expanded on tho Govonth day. I presume that 
this IcaF was injured by the salt. Half-minims of a weaker 
solution, of one part to 437 of water, wore then dropped on tho 
discs of six leaves, so tliat each received ^^ of a grain. In 
1 tir. 33 m. there was alight inSection ; and after 5 hrs. 30 m. 
the tentacles of all bis leaves were considerably, but not closely, 
inflected. After 23 hra. 15 m. all had completely ro-expanded, 
and did not appear in tho least injured. 

Three leaves were immersed, each in thirty minims of a sola- 
don of one part to B7a of water, so that each received j^ of a 
grain, or 2-02 mg. After 1 hr. there was mueli inflection; 
af^r 8 brs. 'iO m. all the tentacles and the blades of all three 
were closely inflected. Four other leaves were also immersed 
in the solution, each receiving the same amount of salt 
as before, viz. ^ of a grain. Tliey all soon tiecame inflected ; 
after 48 hrs. they began lo ro-expand, and appeared quite un- 
injured, though the solution was sufficiently strong to taste 

.s«/ium, foilide of. — Half-minims of a solution of one part to 
437 of water were placed on the discs of six leaves. After 
24 hrs. four of them bad their blades and many tentacles in- 
flected. The other two had only their subuiarginal teutocles 
inflected; the ontcr ones in most of the leaves l?eing but little 
atTecUid. After 46 Lrs. the leaves had nearly re-expanded. 
Three leaves were ftlso immersed, each in tliirt; minims of B 
eolntJon of one part to 875 of water. After 6 hrs. 30 m. almoet 
all the tentacles, and the blade of one leaf, wei-e closely inflected. 

Stuli'uiH, Bi'omiiie ry.— Half-minims of a solution of one part to 
487 of water were placed on six leaves. After 7 hrs. there was 
some inflection ; after 22 Iirs. three of the leaves had their blades 
and most of their tentacles inflected ; tlio fourth leaf was very 
slightly, and the fifth and sixth hardly at. all, nfl'ected. Threo 
loaves were also immersed, each in thirty minims of a Eolation 
of one part to 875 of water; after 40 m. there was some inflec- 
tion ; after 4 hrs. the tentacles of all three leaves and tho blades 
of two were inflected. These leaves were then placed in water, 
and after 17 hrs. 30 m. two of them were almost oompletety, 
third partially, ro-oxpanded; so that apparently they 
were not injiiroii. 
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PoliitKimii, Cnrhonalf (/ (purp). — Jlfilf-mi 
of one part to 4S7 of witter were placet! i 
effect yvas pro<lucod in 'H hm.; but after 48 hrR. some of tlie 
lu.ivcit had Iheir teuloclcs, miil one Ibe binde, couMderabtr 
iiitlwted. TLis, howcn>r, Boetned the rcKult of ttieir lieinf; in- 
jiind; for on the third day nflcr theHohition was given, tbree of 
ibo loaves were dond, Bud one was very nnhe»lthy ; the other 
two were recovering, but with several of their tenlarlen appa- 
nntly injured, and those remained permanently inflevk'd. It 
is evidi!Dt that the ,jg of a grain of this salt ocU as a poison. 
Three teaves were also iromersed, each in thirty miiiJnis of a 
solution of one part to 875 of water, though only lor iJ hrs. ; and, 
very difforeutly from what occurs with the salts of soda, no 
inflection ensned. 

Poluitivm, Nilrale of, — Half-minims of a eirong solution, of 
one part to lOU of water (4 grs. to 1 oz.), were placed on the 
diacs of four leaves ; two were much injured, but no inflection 
ensued. Eight luaves were treated in the same manner, with 
drops of a weaker solution, of one port to 218 of water. After 
50 bra. there was no inflection, but two of the leaves seemed in- 
jured. Five of these leaves were subsequently tested with drops 
of milk and a solution of gelatine on their discs, and only one 
became inflected ; eo that the solution of the nitrate of the 
above strength, acting for 50 hrs., apjmreiitly had injured or 
paralysed the leaves. Six leaves were then treated in the same 
manner with a still weaker solution, of one part to 437 of water, 
■nd these, after 48 hrs., wore in no way affected, with the excep- 
tion of perhaps a single leaf. Three leaves were next immersed 
for 26 hrs., each in thirty minims of a solution of one part to 
tl75 of water, and this produced no apparent effect. They were 
then put into a solution of one part of carbonale of ammonia 
to 218 of water ; the filuuds were immediately blackened, and 
after 1 hr. there was some inflection, and the protoplasmic con- 
tents of the CL-Us became plainly a^'gregatcd. This shows that 
the leaves had not been much injured hy their immersion for 
85 hrfl. in the nitrato. 

tol-iiaiuin, NuiiJiaie •■/. — Huif-minims of a solution of one part 
to 437 of water were placed on ttio discs of six leaves. After 
ao hrs. 30 m. no effi-et was produced ; after an additional 24 hrs. 
three remained ijnite unufiected; two seemed injured, and the 
sixth seemed almost dead with its teulactea inflected. Nevrr- 
thek«8, after t>ro additional days, all six leaves recovered. 1'he 
Immersion of three leaves for 24 hrs., eocb in thirty miui 
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a iolution of one part to 875 of water, prodnecd no apparent 
effoct. TliEj were IheD trented ivith tho same sohition of car- 
bonate of ainmonin, with tho kkjiio result oa in the cane of the 
nitrate of potash. 

Polasiiam, Plionphul-- of. — Half-niinimB of a Bolution of ono 
port to 437 nf water were placed on the discs of sis leares, 
which were olieervcd dnring tliree days ; but no effect was pro- 
duced. Tho partial drying up of the fluid on the disc slightly 
drew together the tentacles on it, as often occurs in experi- 
ments of this kind. The leaves on the third day appeared quite 
healthy. 

r..l.t-ii!um, C.lT-df^ ./.— Ralt-niinims of a solution of one part 
to 437 of water, left on the discs of six leaves for throo days, 
and the immorsion of three leaves for 9 hrs., each in 30 minima 
of a solntion of one port to 873 of water, did not produce the 
least effect. 

Potauiiim, Ox<ilite g/'.^Half-minims were placed on different 
occasions on the discs of seventeeii leaves ; and the results per- 
plexed me much, as they still do. Inflectiou supervened very 
slowly. After 24 hrs. four leaves out of the seventeen were well 
inflected, together with tlie blades of two ; six were slightly 
affected, and seven not at all. Three leaves of one lot were 
observed for live days, and all died ; but in another lot ot 
six, all excepting one looked healthy aftor four days. Three 
leaves were immersed during i) hrs.. caeh in 'HG minims o( 
a solution of one part to 875 of water, and were not in the 
least affected; but they ought to have been observed for a 
longer time. 

Po'auium, C/i!ori'k of. Neither balf-minimfi of a solution of 
one part to 437 of water, left on the discs of six leaves for three 
days, nor the immersion of three leaves during 25 brs., in 
8(1 miDtma of a solution of one pirt to 875 o( water, produced 
the least effect The immersed li-aves were then treated with 
carbonate of ammonia, afl described under nitrate of potash, and 
with the same r«!4ult. 

I'litiiaium, lo-lidt of. — Half-minims of a Boluliou of one part 
to 437 ot water were placed on the diso* of seven leaves. In 
30 m. one leaf had the blade inflected ; after some hours threa 
loaves had most of their submai^nal tentacles modiicalely in- 
Qected; the remaining throo being very slightly affected. 
Hardly any of these leaves hod tlieir outer tentacles infleatsd. 
After 21 hrs. all re-cipaudiicl, excepting two wliieb still had a 
few submarBinn) loniaclus inficctej. Three leaves were next 
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immereed for 8 hra. 40 m., each in 30 miiiirnB of a. Bolution of 
otu) part to 875 of waU'r, an<) wi-re not in the luost affected. I 
do not know what to ciiiiirltulG from this conSiuting evidence ; 
bat it is ulcar that the iodide of polasaium does not generally 
pTodnce nny marked effect 

J'otiutiiim, Hrimide nf. — Hiilf-niinimB of a Boiution of one part 
to 437 of water were ploccil ou the discs of six leaves ; after 
23 hrs. one had its blade and mnny toatoclos inflected, but I 
suspect that an insect might Iiaru alighted on it and thon 
escaped ; the li»8 other leaves were in no way affected. I 
t«st«d three of these leaves with hits of meat, and after 24 hrs. 
they became splendidly inflouted. Three leaves were also im- 
metaed for 21 hrs. in 30 minima of u sniution of one part to 875 
of water; but they were not at all affuiittid, cxceptiog that the 
glands looked rather pale. 

LWiium, Aort^ie of.—Fum leaves were immersed together in 
K tessol containing 120 miuims of a Eohition of one part to 487 
of water; so that each rec<;ivcd, if the leavtis a1)sorbi>d equally, 
^ of a grain. After 24 hre. there was no inflection. I then 
added, for the sake of testing the leaves, some strong solniion 
{viz. 1 gr. to 20 or.., or one part to 8750 or water) of phosphate 
of atoDtonia, and all four liecmne in 30 m. closely inflected. 

Lithium, Niimle of. — Four leaves wore immersed, as in the 
last cose, in 120 minims of a solution of one part to 437 of 
water ; nfkr 1 h. 30 in, all four were a little, and after 24 hrs. 
greatly, inflected. I then diluted the solution with some 
water, but they still remained Eomeuiiat inflected on the third 

C'oMium, Chtrrride i-f. — Four leaves were immersed, as aliove, in 
120 minims of a solution of one pari to 437 of water. After 
I far. 5 ID. the glands were darkened ; after 4 hn<. 20 m. there 
was a trace of inflection ; after 6 hrs. 40 m. two leaves were 
greatly, but not closely, and the other two conHiderably inflected. 
After 22 hrs. the inflection was extreniGly gi'eat, and two had 
their blades inflected. I then transferred the leaves into wnt«r, 
nnd in 46 hrs. from their Brst immersion they were almost re- 
ezpanded. 

liabidium, 'lihrvh rV.— Fonr leaves which were iinraersod, as 
above, in 120 minims of a solution of one part to 437 of water, 
were not acted on in 22 hrs. I then added some of the strong 
BolntioD (I gr. to 20 oz.) of phosphate of ammonia, and in 30 m. 
all were immensely inllocted. 

iWtfrt-, Nil'ule (^. — Throe leaves were immersed in ninety 
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iniTtima at a Bolution of one part to 437 of water ; bo tlint each 
received, as before, ^ of a graiu. After 6 m. slight inflectioa, 
and after II m. ver; Btrong inflection, the glands beeoming 
eKCeHsivel]' black ; after 40 m. all the tentacles were eloselj 
inflected. After 6 hrs. tho leaves were taken out of the solutioDi 
washed, and placed in water; but next morning the; i 
evidontlj dead. 

< alciam, Acrtiite o/,— Four leaves were iroineraed in 120 mil 
of a solution of one part to 437 of water; after 24 hrs. none of 
the tentacles were inflected, excepting a few where the blade 
joined the petiole ; and this may have been caufied by the 
alisorption of the salt h; Uie cnt-off end of the petiole. I then 
added some of the solution (1 gr. to 20 oz.) of phospate of 
ammonia, but this To my surprise excited only slight infleotion, 
oveu utter 'ii hra. Hence it would appear that the acetate had 
rendered the leaves torpid. 

C'lldum, Xitralr u/. — Four leaves Were immeread in 120raiwimi 
of a solution of one part to 437 of water, but were not affected 
ID 24 hrs. I then added some of the solution of piiosphate of 
ammonia (1 gr. to 20 oz.), but this caused only very slight in- 
flection after 24 hrs. A fresh leaf was next put into a mixed 
solution of the above strengths of the nitrate of calcium and 
phosphate of ammonia, and it bo'Jime cloaely inflected in between 
5 m, and 10 m. Half-minims of a solution of one part of the 
nitrate of calcium to 218 of water were di'oppcd on the discs of 
three leaves, but produced no effect. 

Magnrnium, Acetate, Nitrate, and Chloride of,— Four leaves were 
immersed in 120 minims of solutions, of one part to 437 of water, 
of each of these three aolts ; after 6 hrs. there was no inflection ; 
but after 22 hrs. one of the leaves in the acetate was rather more 
inflected than generally occurs from an immersion for this 
length of time in water. Some of the solution (1 gr. to 20 oz.) 
of phosphate of ammonia wa^ then added to t)ie three solutions. 
The leaves in the acetate mixed with the phosphate underwent 
somo inflection; and this was well pronounced after 24 hrs. 
Those in the mixed nitrate were decidedly inflected in 4 hrs, 
30 m., but the degree of inflection did not afterwards much 
iiK'ri:ftse; whereas the four leaves in the mixed chloride were 
greatly inflected in a few minutes, and after 4 hrs. hod almost 
every tentacle closely inflected. Wo tlius see that the acetate 
and nitrate of magnesium injure the leaves, or at least prevent 
the subsequent action of phosphate of ammonia; whereas tlit 
chloride has no such tendency. 
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Magjten'un. Sulpl.ii'e •■/. — Half-iainims of a Rolulion of one p«rt 
to SI8 of wattir wero placed on the diecu of lea leaves, and pro- 
duced DO effect. 

Bariu-'i, Acti'ilr '/.— Fonr leaves were inimpreed in 120 minlmB 
of a solution of one part to 437 of watoi', uud nfter 23 hrs. tlit^re 
«■« no inflection, but the glands were blackened. The leaves 
were them plact.'d in a solution (1 gi. to 20 oz.) of phosphate of 
Ammonia, which caused after 26 lin. only a little itiflcction in 
two of the leaves. 

Barium. Nitr<ilt of. — Four leaves were immereed in 120 minima 
uf a solution of one pvt to 437 of vatur : and after 22 hrs. there 
waa no more than that alight dcfiree of iuaectiou, which often 
follows from an immersion of this length m pure water. I 
then added some of the aame solution of phosphate of ammoDia, 
and after 30 m. ono leaf was greatly inflected, two others 
noderatol.v, and the fourth not at all. The k'aveB remained 
in this Btal« for 24 hrs. 

Btrtmti'im. ActtuiK i^. — Fonr leaves, immersed in 120 minima of 
a aolution of one part to 437 of water, were not affected in 
22 hrs. They were then placed in some ot tbe same solution 
of phosphate of ammonia, and in 25 m. two of tliem were 
greatly tnfleoted ; after S hrs. the third leaf was consideralily 
inflecteil, and the fourth eiliibited a trace of inflection. They 
were in the same state next morning. ' 

Htroht^iKii, .Mrrate o/.— Five leaves were immersed in 120 
minima of a solution of one part to 437 of water ; after 22 hrs. 
there was some slight inflection, but not more than sometimes 
ITS with leaves in water. They wore then placed in the 
e Bcdulion of phosphate of ammonia; after H hrs. three of 
n were moderately inflected, as were all Ave after 24 hrs. ; 
but not ono was closely inllected. It appears that the nitrate of 
atrontium renders the leaves half torpid. 

Oaiimium, tliluridc ^.— Thrte leaves were immersed in ninety 
minimB of a solution of one part to 437 of wat*r; after 5 hrs. 
30 m. slight inflection occurred, which increased during the 
next three honrs. After 'M hrs. all three leaves had their 
tentacles well inflected, and remained so for an additional 24 
hrs. ; glands not diHcolonred, 

Mrmiry.FrTvlihrldco/.— Three leaves wore immersed in ninety 
linima of a sulcition of one part lo 437 of water ; after 22 ni. 
there was some slight inflection, which in 48 m. became well 
prMiounced ; the glands were now blackened. Aftpr 5 hrs. 
m. all the tt>ntacloa closely inflected ; after 24 hts. still 
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e then removed and 
r re-eipftiided, being 



inflected and discoloured, ^he leaves « 
left for two daj3 in water; but they ne 
evidently dead. 

Zinc, Ckloriih oi'.— Three leaves immersed in ninetj minimB 
of a Bolntion of one part to 437 of water were not affected in 
25 hra. 80 m. 

Aluminium, Chloride i/.— Four leaves were immerfed in 120 
minimis of a eolntion of one part to 437 of water; after 7 hrs. | 
i5 m. no inflection ; after 24 hrs. one leaf rather closely, the 
Becood moderately, the third and fourth hardly at all, inflected. 
The evideDce is doubtfal, but I think some power in slowly 
causing inflection must be attributed to this salt. Theee leaves 
were then pla<!ed in the Bolation (1 gr. to 20 oz.) of phospbato 
of ammonia, and after 7 his. SO m. the three, which had been 
but little affected by the chloride, became rather closely in- 
flected. 

Aliininitim, XHmlr o^.— Four leavcB were immersed in 120 
minima of a solution of one part to 437 of wat*r; after 7 lits. 
45 m. there waa only a trace of inflection ; after 34 hrs. one leaf 
was moderately inflected. The evidence is here again doubtful, 
as in the case of the chloride of aluminium. The leaves wers 
then transferred to the same solution, as before, of phosphate of 
ammonia; this produced hardly any effect in 7 hrs. 30 m.; but 
after 26 hrs. one leaf was pretty closely inflected, the threa 
others very slightly, perhaps not more so than from water. 

Aluminium an'/ Folai'ium, Siilphat-- <>f (eotmaon alum). — Half- 
minims of a solution of the usual strength were placed on the 
discs of nine leaves, but produced no eficct. 

Ool<l, Chloride of. — Seven leaves were immersed in so much of 
a solution of one part to 437 of water that each received 
30 rainima, containinp: t'k of a grain, or 4*048 mg., of the chloride. 
There was some inflection in 8 m., which bpcnroe extreme in 
45 ra. In 3 hrs. the surrounding fluid was coloured purple, fuid 
the glands were blackened. After B hrs, the leaves were tions- 
ferred to water; next morning thoy were found discoloured and 
evidently killed. Tho secretion decomposes tie chloride very 
readily; the glands themselves becoming coated with tho 
thinnest layer of metallic gold, and particlea float about on 
the surface of the surrounding fluid. 

ieoJ, ChloT'dr o/. — Three leaves wero immersed in ninety 
minims of a solution ot one part to 437 of water. After 23 hrs. 
there wan not a trace of inflection ; the glands were not blacken'^, 
and the leaven did not apponr injured. Thc-y were then I 
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ferreJ to Uio solution (1 gr. to 20 oz.) of phosphate of ftrnmonia. 
Bud after 21 lira, two of them wlto somewliat, the third vary 
little, inflected ; nnd they thus remained for another 34 hrs. 

Til; Vhlori'le o/.—Four leavce were immerwd in 120 minimi 
dI a solution of atout one part (all not heing ditwolTDd) to 4tt7 of 
wntur. After 4 hrs. no (sfTuct; nftor l> hm 30 m. alt four leavtM 
h-id their Huhmarginal tontaclea inflected ; after 22 hra. every 
single tenlaolc uid the blades wuro closely influctod. Tho sur- 
runadini; fluid was now colourod pink. The leaver wore waahnd 
aod traneferred to water, but next morning were orideutly dead. 
This chloride ia a deadly poison, but acU slowly. 

Aalimoiiy, Tirtr-te <f. — Throe leaves were immersed in ninety 
minims of a solution of one part to 437 of water. After 8 hra. 
30 m. there was slight inflection; after 21 hrs. two of the leaves 
were closely, and the third moderately, inflected ; glands not 
much darkened. The leaves were washed and placed in wal«r, 
but they remained in the same state for 48 additional hours. 
This Bait is probably poisoDons, but acts slontly. 

Artetiiuiia AH'/.— A solution of one part to 437 of water; Ihroo 
loaves were imtncrsed in ninc'y minims ; in 2S m. ronsiderablo 
inflection ; in 1 h, great inflection ; glands not discoloured. After 
6 bn. the leaves were transferred tu water; next morning they 
looked fresh, but after four days were pale-coloured, had not 
re-expanded, and were evidently dead, 

/r»n, i'U-iri'ir of, — Three leaves were immereod in ninety 
minims of a solution of one part to 437 of water; in )jhr& no 
inflection; but after 21 hn. considoinblo inflection; glands 
blackened; fluid coloured yellow, with floating flocculent 
particles of oiide of iron. The leaves were then placed in 
water; after 48 hrs. they had re-espande-i a very little, but I 
think were killed ; glands excessively black, 

Vhrinnk Arid.~Oae part to 437 of water; three leaves wera 
immersed in ninety minims; in 30 m. some, and in 1 hr. oon- 
siderable, inflection ; after 2 hrs. all the tentacles closely in- 
flected, with the glands discoloured. Placed in wat^r, next 
day leaves quite discoloured and evidently killed. 

Mangai'ai; Chloride c/.— Three leaves immersed in ninety 
minims of a solution of one part to 437 of water; after 22 hrs. 
no more inflection than often oecurR iu water; glands not 
blackened. The leaves were then placed in the usual solution 
of phosphate of ammonia, but no inflection was caused 
tfter^Shra. 

Copper, ''lihiride I'f. — Three leaves immcrBed in ninety minims 



was caused even 

in ninety minims ^^M 
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and potaaaium,* wbicli act so differetitly ; therel'ure 
we might expect that its action would be inter- 
mediate. We see, also, that caisium causes iuflcotioii, 
and rubidium does not ; and these two metals are 
allied -tfL_3odium and potassium. Most of the earthy 
salts are inoperative. Two salts of calcium, four of 
magnesium, two of biirium, a-ud two of strontium, did 
not cause any inflection, and thus -follow the rule of 
the preponderant power of the ba3e.~"".Qf thr.M salts 
of aluminium, one did not act, a second^ghowed a 
trace of action, and the third acted slowly ana~d*iubt- 
fuHy, so that their effects are nearly alike. ' '--. 

Of the salts and acids of ordinary metals, seventeen 
were tried, and only four, namely those of zinc, lead, 
manganese, and cobalt, failed to cause inflection. Tlie 
salts of cadmium, tin, antimony, and iron, act slowly ; 
and the three latter seem more or less poisonous. TtMi 
salts of silver, mercury, gold, copper, nickel, and 
platinum, chromic and arsenious acids, cause great 
inflection with extreme quickness, and are deadly 
poisons. It is surprising, judging from animals, that 
lead and barium should not be poisonous. Most of the 
poisonous salt-s make the glands black, but chloride of 
platinum made them very pale. I shall have occasion, 
in the next chapter, to add a few remarks on the dif- 
ferent effects of phosphate of ammonia on leaves pre* 
yiously immersed in various solutions. 



I will first give, as in the ease of the salts, a list 
of the twenty-four acids which were tried, divided into 
two series, according as they cause or do not cause 
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inllLHitiun. After deaL-ribitig the exjieriuiGiiU, a ft^w 
cundudiug totuarks will be added. 



I, Nitric, etioDj; inflvctioD ; pni- 

i. Ujilrochlnrio, iDnJcmUi and 
iilnwiiiBeetinn: nntjiniMinoui. 

I. HydrfAdio. itmug inlle(4iiiii ; 
jK-iMiaoiu. 

I. Iiidic, strong inScclion; p"i- 

i, Sul]tham, stmng infliction ; 
I. l"bi>»plitirip, Hlroiic iiifl«;tioii ; 

r. UOTOcic, mndivntc and mthor 

■lowiattection; untpniHinuu*. 
I. Fnimic, very sliKlit inlleo- 

tion ; twit pouonniu. 
t. Acetic, stivne and mjiid in- 

flaCtioD ; pniwiDOUB. 
i. Ptaniooio, Strang but not retj 

rapid inlleclicRi ; poieonoui. 
I. Oleic, quick inllcctiun; very 

!. Carbolic, vcr; slow inOctitinn ; 

poisnnoua. 
1. Lactic, slow mid iiio.|,Tute in- 
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16, BcnToic, rapid iiitlL'ttliiQ; very 



;. Hippurif, 
>. Hydrocjat 



Nil'ic Aeid.—TonT leaTes were plucrd, eacli in thirty minims 
of one pnrt by weipht of the noid to 437 of wulor, so tliut each 
received J,- of a Rniiii, or 4'04S mg. This strength was ohoson 
for this auil nioat of the following experimentB, ue it is tho same 
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18 that of moat of tho foregoing saline solutions. In 2 hre. 30 m. 
some of the leaves were coDBidorably, and in 6 hi'n. 30 m. all 
were muEeiiBely, inflecttui, an were their bladua. The suri'ound- 
iug fluid was flightlj coloured pink, which alwnya sliows thai 
the leaves liavo been injured. They were then k'ft in water for 
three daya; but they lemaiued inflected and were evidently 
killed. Most of tho glands had become colourless. Two leaves 
ware then iniMierscd, each in thirty minims of one part to 1000 
of water ; in a few hours there was some inflection ; and after 
24 hre. both leaves hod almost nil their tentacles and blades in- 
fleeted; they were lett in water for tliree days, and one partially 
re-expanded and recovered. Tiro leaves were next immersetl, 
each in thirty '"'"''"" of one port to 2000 of water ; this pro- 
duced very little effect, except that uoet of the tentacles close 
to the summit of the petiole were inflected, as if the acid had 
been absorbed by the cut-offend. 

HydriK' loric Acid. — One part lo 437 of water ; four loaves were 
immersed as before, each in thirty minims. After 6 hrs. only 
one leaf was considerably inflected. After 8 hrs. 15 m. one had 
its tentacles and blade well inflecfod ; the other three were 
moderately inflected, and the blade of one slightly. The 
Burrounding fluid was not coloured at all pink. After 25 hra. 
tliree of these four leaves began to re-e^paud, but their glands 
were of a pink instead of a red colour ; after two more days 
they fully re-eipanded; but the fourth leaf remained inflected, 
and seemed much injured or killed, with its glands white. 
Four leaves were then treated, each with thirty minims of one part 
to W5 of water; after 21 hra. they were moderately inflected; 
and on being transferred to water, fully re-espandud in two days, 
and seemed quite healthy. 

Uydriodic Acid.— One to 437 of water; three leaves were im- 
mersed as before each in thirty minims. After 45 m, the glnnds 
were discoloured, and the surrounding fluid became pinkish, but 
there was no infleclion. After 5 hrs, all the tentacles wore 
cloHely inflected; and an immense amount of mucus was secreted, 
BO that the fluid could bo drawn out into long ropes. The leavea 
were then placed in water, bnt never re-exponded, and were evi- 
dently killed. Four leaves were next immersed in one part to 875 
of water ; ttie action was r.ow slower, bnt after 112 hra, all four 
leaves were closely inflected, and were affected in otlier respeota 
SB above described. These leaves did not te-oxpand, thouRh 
for four days iu water. Tliis acid acts far more jjowerfully 
than hydrochloric, and is poisonous. 

Jodie Aeid.—Oao to 437 of water ; three leavea were immersed, 
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iMcb in tiiirty niinimi) ; after 3 hrs, Etrong infloction ; after i his. 
glaudH dark lirown; after 8 brs. 30 m. close inSeutiun, and the 
leaves hail lieconio flaccid; surroundiiiK fluid not colonred pink. 
XMeM leaves were then plnced in water, and nest day were 
BTidently dead. 

IMpkiiric Aci-I. — 0;io to 437 of wat«r; foor leaveH were im- 
menod, each in thirty minims; after 4 hre. great inflection; 
after fi hrs. Kurrounding fluid just tinged pink ; they were then 
pincud in water, nnd after 40 hrs. two uf them were still olosely 
inflected, two beginning to re-expand ; many of the glands 
colourless. This acid is not bo poisonous as hydriodtc or iudio 
Kids. 

thotjJioric Acid.—OnB to 437 of water ; three leaves wore 
immereed together in ninety minims; after 5 hrs. 30 m, some 
inflection, and some glands uolourless; aftur b hrs. all the 
tentacles closely inflected, and mouy gtoDils colourless ; surround- 
ing fluid pink. Left in water for two days and a, half, remained 
in the same state and appeared dead. 

B'Tucic Aci'l. — One to 437 of water; four leaves wore im- 

metBod together in 120 minime ; after 6 lira, very slight inttectioii ; 

ftfter tj hrs. 15 m. two were considerably inflected, the other two 

alightly. After 21 hrs. one leaf was rather closely inflected, 

the second less closely, the third and fourth moderately. The 

leaves were washed and put iulo water; after 24 hra. they 

were almost fully re-exiJandod and looked healthy. This acid 

agrees closely with hjdrocLlorio acid of the same strength in 

^^ its power of causieg inflection, and in not being poiennona. 

^^L Formic Aciil.—'Eo'ar leaves were immersed together in 120 

^H nuDime of one part to 4^7 of water ; after 40 m. slight, and after 

^H 6 hrs. 30 m. very moderate inflection ; afrer 22 hrs. only k little 

^H more infleution thou often occurs io water. Two of the leavee 

^H were then watched and placed in a solution (1 gr, to 20 oz.) of 

^H pnonphnte of ammonia; arter 24 hrs. they were considerably 

^H inflected, with tlie contents of tiieir cells aggregated, showing 

^K that the phosphate hod acted, though not to the full and 

^^K ordinary degree. 

^^V Acettc Acid. — Four leaves were immersed together in I'JO 

^^K minimis of one part to 437 of water. In 1 hr. 20 m. the tentaclea 
^H af all four and the blades of two were greatly inflected. After 
^^1 8 hrs. the leaves hail become flaccid, but still remained closely 
^H inflected, tlie surrounUiug fluid being coloured pink. They were 
^^B then washed and placed in water ; next morning they were still 
^V Inflected and of a, very dork red colour, but with their glands 
^H eoloarless. After another day they were dingy-coloured, and 



utd 

A 



I 

I 

I 



192 



DROSER& nOTUNDIFOLLA CuAi'. VIU 



Bvidontly deoA. Tliis ai'id ia fur more powerful timn formic, and 
is highly poisonous. Ilalf-minim dropa of a stronger mixturo 
(viz. one part by mensure to 320 of wattr) were placed on the 
discs ot fivo leaves ; none of the ulterior teutaclfs, only those 
ou the burdttra of the disc which actually ahsorhed the acid, 
liectttne iDfloctud. PruL)a1ily the dose waa too atrong and partu 
lyscd the leaves, for drops of a weaker mixture caused much- 
iuBcction ; DovectheteBS the leaves all died after two dsf s. 

Fnipio'iie Acid. — Three leaves were immersed in ninety mioiraa 
of a mixture of one port to 437 of water; in 1 lir. 50 m. there 
was no inflection; but after 3 hrs. 40 m. oite luaf was greatly 
inflected, and the other two slightly. The inflection rontinuud 
to increase, so that in 8 hra. all throe leaves were closely in- 
flected. Next moruiiif;, after 20 hrs., mi«t of the glands were 
very paie, but some few were almost black. No raucuH had been 
eecroled, and the surrounding fluid was only just perceptibly 
tinted of a pale pink. Aft-er 46 hra. the leaves bucame alightly 
flaccid and were evidently killed, as was afterwards proved to 
be tlio case by keeping them in water. The protoplasm in the 
closely inflected tentacles was not in the least a^rcgated, but 
towards their bases it was collected in little brownish masses at 
the bottoms of the cells. This protoplasm was dead, for on 
leaving the leaf in a solution of cnrlwnate of smmoDia, no 
aggregation ensued. Propionic acid is highly poisonous to 
Drosera, like its ally acetic acid, but induces inflection at a 
much slower rale. 

Oltie Arid (given me by Prof, rmnkland).— Three leaves were 
immersed in this acid ; some inflection was almost immediately 
CAUBed, which increased slightly, but then ceased, and the leaves 
seemed killed. Next morning they were rather shrivelled, and 
many of the glands had fallen off the tentacles. Drops of this 
acid were placed on the discs of four leaves; in 40 m. all the 
tt-'utacles were greatly inflected, excepting the extreme marginal 
ones; and many of these after 3 hrs. became inflected. I was 
led to try this acid from supposing that it w.^s present (which 
does not seem to be the caae)* in olive oil, the action of wlijch 
is anomalooB. Thus drops of thia oil placed on the disc do not 
cause the outer tentacles to be infiected ; yet when minute 
drops were added to the secretion surrounding the glands oftlia 
(luter tentacles,, these were occasionally, but by means always, 
inflected. Two leaves were also immersed in Ibis oil, and there 
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vas no inflection for alxiut 12 hrx.; hnt afUir 'J3 hrs. altnoet all 
the tentaclM were infliKsted. Tliri.-u leaves were likon-ise im- 
mersed in unboileil linseed oil, and Koon bi^cnme soniuwh&t, nnd 
in 3 hn. greatly, inflecti^d. After I ht. Lbo Eocretion round the 
glands was culonred pink. I infer from this latter fact that the 
power of lineecd oil to canite infleftion cannot be attributiKl to 
the albumin which it is said to contain. 

Carbolic Acid. — Two leases were immerecd iu tiixtjr miuinis of 
a sotutioD of 1 gr. to 437 of waler; m 7 hm, one was eliglitly, 
end in 24 hrs. both were closel;, inflected, with a surprising 
amount of mucus secreted. These leaves were washed nnd left 
for two daj-8 in waler ; they remained inflected ; njost of their 
glands became pate, and they s(.«med dead, Tliia acid is 
poisonous, iiiit does not act nearl; so rapidly or powerfully as 
ini);ht have been expected from its known destructive power on 
the lowest organisms. Half -minima of the same si'liition wyre 
placed on the diHcs of three leaves i after 34 hrs. no inflection of the 
outer tentacles ensued, and when bits of meat were given them, 
they became fairly well inflected. Again half-minima of a 
stronger solution, of one part to 218 of water, were placed on the 
discs of three leaves ; no inflection of the outer tentacles ensiled ; 
bita of meat were then B'ven as before ; one leaf alone became 
well inflected, the discat glands of the other two appearing 
much injured and dry. We thus see that the glands of 
the discs, after absorbing this acid, rarely transmit any motor 
impulse to the outer tentoclesi though these, when their own 
glands absorb the acid, are strongly acted on. 

Litctu: Acid. — Throe leaves were immersed in ninety minims of 
one part to 437 of water. After 48 m. there wa« no inflection, 
but the surrounding fluid was coloured pink; after U hrs. 
30 m. one leaf alone was a little inflected, and almost all 
the glands on all throe loaves were of a very pole colour. 
The leaves were then washed and (:lacod in a solution (1 gr. 
to 20 oz.) of phosphate of ammonia; after about 16 hrs. there 
was only a trace of inflection. They were left in the pheephate 
for 48 bra., and remained in the same state, with almost all 
their glands discoloured. The [irntoplasm within the cells 
wafr not aggregated, eieept in a very few tentacks, the glands 
of which were not much disooloured. I lieli-ive, therefone, 
that almost all the glands and tentacles ha<l l>eeii killed by 
the aoid so suddenly that hardly any inflection was cansed. 
Four leaves were next immersed in 120 minims of a weaker 
Bolution. of one part to 875 of waler; after 2 hrs. 30 m. 
inding fluid was quite pink; the glands were pale, 
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tliero was no jaflection ; after 7 hrs. 30 m. two of the learrta 1 
showed Boma inflection, and the glands were almost white; f 
after 21 hrs. two of the leaves were considerably inflected, 
and a third slightly; most of the glands were white, the others 
dark red. After 45 hrs. one leaf had almost every tentacle in- 
fiected; a secocda large number; the tliird and fourth very few; 
almost all the glands were white, excepting those on tlie discs of 
two of the leaY(», and mnny of these were very dark rod. The 
leaves appeared dead, lli'nce lactic acid acts in a very peculiar 
manner, causing inflection at an estraordinarily slow rate, and 
Ixjitig highly poisonous. Immersion in even weaker solntione, 
viz. of one part to 1312 and 1750 of water, apparently killed the 
leaves (the tentacles after a time being bowed backwards), and 
rendered the Elands white, but caused no inflection. 

OaUie, Tannic, Turtaric, und Oitric Aci-h.—One part to 437 of 
water. Three or four leaves were immersed, each in thir^ _ 
tnijiima of these four solntions,BD that each leaf received i^ of »fl 
grain, or I'tUb mg. Ko inflection was caused in 24 hrs.,andthe ' 
leaves did not appear at all injured. Those which had been in 
the tannic and tartaric acids were placed in a solution (1 gr, to 
20 oz.) of phosphate of ammonia, but no inflection ensued in 
24 his. On the other hand, the four leaves which hod been in 
the citric acid, when treated with the phosphate, became decidedly 
inflected in 50 m. and strongly inflected after 5 hrs., and so 
remained for the next 24 hrs. 

M'llu: Acul. — Throe leaves were inimorsed in ninety minims of 
a solution of one part te 437 of water; no inflection was caused 
in 8 hrs. 20 ra., Imt after 24 hrR. two of them were considerably, 
and the third slightly, inflected— more so than could be ac- 
counted for by tlie action of water. No groat amoiint of mucus 
was secreted. They were then placed in water, and after two 
days partially re-expanded. Hence this acid is not [raisonons. /J 

Oxalic JciiL — Three leaves were immersed in ninety minims of if 
B solution of 1 gr. to 437 of water ; after 2 hrs. 10 m. there wbB I 
much inflection; glands pale; the surrounding fluid of a dark 
pink colour ; after 8 lira, excessive inflection. The leaves were 
then placed in water ; after about 16 hrs. the tentacies wore of 
a very dark red colour, like those of the leaves in acvlic acid. 
After 24 additional hours, the three leaves were dead and thrii' 
glands coloDrless, 

Brmoic A-:iU. — Five leaves wore immersed, each in thirty 
minims of a sniutinn of 1 ^r. to 437 of water. This solution was 
to weak that it only jnst laaled acid, yet, as we shall see, was 
highly poisonous to Droscra. After 62 m. tlie eubnmrginal 
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tentai'les wura somewhat inflected, and all the glnnda vor; pale* 
uolonred; thn surrounding fluid was coloured pink. On one 
occasion tlic fluid bocnnie pink in the morse of only 12m., and 
the trlandii as white as if the lenf hod been dipped in boiling 
wat«r. After 4 hra. much inflection! but none of the tentacleH 
were closely infle^^tvd, owing, oh I lieliuve, to ttieir having !««□ 
paralyst'd before they had time to complete their niov<^ent. 
An extraordinary yuontjiy of mueiis was secreted. Some of the 
leavea were left in the eolution; others, after an immersion nf 
6 hrs. 30 m., were placed in water. Next morning both lots 
were quite dead; the ItAvea in the solution being tluc<.'jd, tho«e 
in the water (now coloured yellow) of a pale brown tint, and 
tbeit glands white. 

tntecinm vtciV/.— Three leaToe wei-o immersed in ninety minims 
of a solution of 1 gr. to 437 of water ; after 4 hrs. 15 m, consider- 
able and after 23 hrs. great inflection; many of the glands 
pftle; fluid coloured pink. The Iustiih were then washed and 
placed in water; after two days there was some re-«tpansion, 
but many of the glands wore still white. ThiK acid is not 
Dearly so poisonous or oxalic or benxuie. 

Uric Acid.— Three leaves were immersed in ISO minims of a 
solution of 1 gr. to 875 of warm water, bnt all the acid was not 
diasolved; so that each received nearly f>, of a grain. After 
25 m. there was some slight inflection, but this never increased ; 
after 9 hra. the glands were not discoloured, nor was the solU' 
tion coloured pink; nevertheless much mucus wot secreted. 
The leaves were then placed in water, and lij next morning 
fully re-expanded, I doubt whether this acid really causes 
inflection, for tbe slight nioremeut which nt first occurred may 
have been due to the presence of a trace of albuminons matter. 
But it produces some effect, as shown by the secretion of so 
much mucus. 

ffippurie Acid, — Four leaves were immersed in 120 minims o( 
K solution of 1 gr. to 437 of water. After 2 hrs. the fluid was 
coloured pink ; glands f«[e, bnt no inflection. Aft«r 6 hrs. some 
inflection; after 9 hrs. all four leaves greatly inflected : much 
mucus secreted; all the glands very pale. Tbe leaves were then 
left in water for two days; they rcmnined closely inflected, 
with their glands colourless, anil I do not doubt were kilted. 

Hydrmijiini'. AciJ, — Four leaves were inimcrHOil, inch in thirty 
.ttinima of one part to 437 of water; in 2 hrs. A.'> m. all the 
tentacles were considerably inflected, with many of the glands 
pale : after 3 hrs. 45 m. all strongly inflected, and the surround- 
ing fluid coloured pink ; after G hrs. all closely inflected. Attei 
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an immeTGion n{ 8 hrs. 20 m. tlic leaves wurc wnshcd anil placed 
in water; next inominB, after about 16 hrs., thej were still 
inflected and diecoloured ; on the succeeding da; thej wen 
evidently dead. Two leaven were immeracd in a stronger 
mixture, of one port to fifty of water ; in I hr. 15 ro. the glands 
became as white an porcelain, ob if the; hnd been dipped in boil- 
ing water; very few of the tentacles were inflected; but after 
4 hrs. almost all were inflected. These leaves were then ptucad 
in water, and nest morning were evidently dead. Half-minim 
drops of the same strength (viz. one part to fifty of water) were 
next placed on the discK of five loaves; after 21 hrs. all thn 
outer tentacles were inflected, and the leaves appeared miiob 
injured. 1 likewise touched the secretion round a large number 
of glands with niinate drops (about j^ of a minim, or 00296 ml.) 
of Schnele's mistvue (6 per cent.) ; the glands first became bright 
red, and after 3 hrs. 15 m. about two-thirds of the tentaclos' 
licaring these gland.s were inflected, and remained so for the two 
succeeding days, when they appeared dead. 

Concluding Bemarh on the Action t^f Acids. — It IB 
evident that acids have a Btrong tondeney to cause th» I 
inflectiun of the teulaclea;' for out of the twenty-four .J 
acids tried, nineteen thus acted, either rapidly aad.l 
energetically, or slowly and slightly. This fact iiT 
remarkable, as the juices of many phiuts contain more I 
acid, judging by the taate, than the suhitions employed J 
in my exjieriments. Frum the powerful effects of so 4 
many acids on Brusera, we are led to infer that those 1 
naturally contained in the tissues of this plant, as well 1 
as of others, must play some important part in their 1 
economy. Of the five cases in which acids did not J 
cause the tentacles to be inflected, one is doubtful;; 
for uric acid did act slightly, and caused a copious J 
secretion of mucus. Mere sourness to the taste is no | 
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crittTiDii of the power of an acid on Droaera, as citric 
»tid tiirtaric acida are very sour, yet do not excite 
in flee til III. It ia remarkable how acids difler in 
their i«iwer. Thus, hydrociilorie acid nets far leas 
powerfully than bydriodic and many other acids of the 
same atrength, and is not poisonous. Tliis is an in- 
teresting fact, as hydrochloric acid plays so important 
a part in the digestive process of animals. Formic 
acid induces very slight inflection, and is not poison- 
ous; whereas its ally, acetic acid, acts rapidly and 
powerfully, and is poisonous. Malic acid acts slightly, 
whereas citric an<i tartaric acids produce no effect. 
Lactic acid is {loisonous, and is remarkable from in- 
ducing inflection only after a considerable interval of 
time. Nothing surprised me more than that a solution 
of benzoic acid, si> weak as to be hardly acidulous to 
the taste, should act with groat rapidity and be highly 
poisonous; fur I am infunned that it produces no 
marked effect on the animal economy. It may be 
seen, by looking down the list at the head of this dis- 
cussion, that most of the acids are poisonous, often 
highly so. Diluterl acids are known to induce nega- 
tive osmose,* and the poisonous action of so many 
acids on Drosera is, perhaps, connected with this 
power, for we have seen that the fluids in which they 
were immersed often became pink, and the glands 
pale-coloured ov white. Many of the poisonous acids, 
such as hydriodic, beuzoic, hippuric, and carbolic (but 
I neglected to record all the cases), caused the secre- 
tion of an extraordinary amount of mucus, so that 
long ropc9 of this matter hung from the leaves when 
they were lifte(i out of the solutions. Other acids, 
such as hydrochloric and malic, have no such ten- 
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deiicy ; in tliese two latter caaes the surroumling fluid 
wus not coloured pink, and the leaves were not 
poisoned. On the other hand, propionic acid, which 
is poisonous, does not c^uso much mncus to be 
sucreted, yet the Biirrounding; fluid became slightly 
pink. Lastly, as in the case of saline solutions, 
loaves, after being immersed in certain acids, were 
soon acted on by phosphate of ammonia ; on the 
other hand, they were not thus affected after immer- 
sion in certain other acirls. To this subject, how- 
"^vei, I shall have to recur. 




Alkaloid Pouonii, othbb Sdbstinow tao 

V^muuB. 

Strychnine, salU of^Qninine, snlphnte of, doe* not soon arrest the 
moveaient of the protoptutoa — Other Baits of quiaine — Diintaline 

— NiMtino — Atropiiia — Veratrire— Colohidno — 'J'beine — Cumre 

— Morphia — Hyoecyamus — Poiaoii of the oobra, npimrenlly aere- 
lentca the tnoiemcDta of the protoplnam — Ciinipbor, a powerful 
stimulant, itt) vapour narcotic — Certain essential oila excite inovo- 
luelit — Glyourine — Water and oertain solutions retard or prevent 
the BUt>su|ueDt action of phosphate of amiDaula — Alcohol innrv 
OUOUs. its vapour uarcolia and poisonous — Chloroform, satpburia 
and nitric uther, tbcir Htlmulaut, poisonous, aud □aro'itia power — 
Carbonic ui^id narcotic, not ijuickly poisonous — Concluding rcmnrka. 

Ab in the last chapter, I will first give my experiniGnt^, 
and then a brief ainumary of the results with some 
concluding remarks. 

Aretaia of Strychninr. — Bait-jniirnDB of asolHtion of one purl, to 
437 of water were placed on tlie digcs of six leiLves : bo lliut 
each received j^n °^ " l!™ii> "r ,0(375 mg. In 2 hrs. 30 m. the 
outer tentacles on nome of them were inflected, but in an irregu- 
lar manner, BOtnetimes only on one side of the leaf. The niotl 
morning, after 22 hra. 30 m,, the inSection had net increased. 
Ihe giauda on the central disc were blackened, and had ceased 
Mcreting. After an additional 24 hrs. all the L'eDtrat glands 
1 dead, hut the inflected tentiiclt:a bod re-cipanded and 
appeared quite healthy. Hunce the poisonous action of strych- 
nine Beems confined to the glands which have absorbed it ; 
nevertheless, tliese glands transmit a motor impulse to tho 
exterior tentacles. Minute drops (abnnt ^ of a minim) of 
the Banie solution applied to the glands of the outer l«nliiclps 
occasionally caused them to bend. The poison doeig not oecm 
to act qnickiy, for having iippied to several glands similar 
drops of a ratlier stronger solution, of one part to 292 of water, 
this did not prevent thu lenlacles liending, when thcJr 
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were esciled, after an interval of a quarter to three quarters of 
an hour, hy being ml)bed or Ki^en bits of meat. Similar drops 
nf a Kolution of one part to 218 of water (2 grs. to 1 oz.) quickly 
blackened the glimdH; some few tentsclts tLna lrc»t<.ii inoTerl, 
vliilst othcni clid not. The latter, however, on l>i:i)ig snhse- 
qoenllj moistened with saliva or given bits of moat, became 
incurved, though witit extreme slowui^s; and this bIiows that 
the;- had been injured. Stronger nolutions (but the strength 
vns not nscorfainod) sometimes arrested all jMwer of inovemeut 
very quioklj ; thus bits of meat were placed on the glands of 
BQvert^ eiterior tcutacles, and as soon as they began to move, 
minute drops of the strong solution were added. They con- 
tinued for a short time to go on bending, and then snddenly 
stood still; other tentacles on the same leaves, with meat 
on their glands, but not wutled with the strychnine, continutd 
to bend and soon reached the centre of the leaf. 

Ci'rate ■■/ .S(Tjc-.n/i,e.— Half-minims of a solution of one part 
to 437 of water were placed on the discs of six leaves ; after 
24 hra. the outer tentacles showed only a trace of infleetlon. 
Bits of meat were then placed on three of these leaves, but in 
24 hrs. only slight and irregular inflection occurred, proving 
that the leaves had been greatly injured Two of the leaves lo 
which meat had not been given had their discal glands dry and 
much injured. Minute drops of a strong solution of one part to 
109 of water (4 grs. to 1 oz.) were added t^ the secretion round 
several glands, but did not produce nearly so plain an effect as 
the drops of a much weaker aolntion of the acetate. Particles of 
the dry citrate were placed on six glands ; two of these moved 
some way towftrds the centre, and then stood still, being no 
doubt killed ; three others curved much farther inwards, and 
were tlien fixed; one alone reached the centre. Five leaves 
were immersed, each in thirty minims of a solution of one part 
to 437 of water; so that each received ^ij of a grain ; aftex 
about I hr. some of the outer tentacles became inflected, and 
Iha glands were oddly mottled with black and white. These 
glands, in from 4 hrs. to 6 hrs., became whitish and opaque, 
and the pro1o]>lasin in the cells of the tentacles was well Bg(;rty 
galed. By this time two of the leaves were greatly inflected, 
bat the three others not much more inflected than they were 
befure. NevertheleBS two fresh leaves, after an immersion ri-- 
Eiicclively for 2 hrs. and 4 hrs. in the solution, were T)ot kilted; 
fur on tieing left for 1 hr. SO m. in a solution of one part of 
carbonate of ammonia to 218 of water, their tentacles became 
nuoe inflected, and then: was much aggregation. The glandi 
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of tiro other leaves, after nn immerBum for 2 Iith. iu a strong^ 
soititjon, of one port of the citmte to 21tj of water, became of an 
opa<|Qo, pale pink colour, whicli hefun; long disappeared, leaving 
tlieiu wliitii. One of these two leavcH had tta blade and 
loiitocles greatly inflected; the other hardly at all; liut the 
proloplaEm in the cells of both was afrgregated down to the 
Inuiea of the tentacles, with the Rphciical mosses in tlie ccillfl 
dose beneatb the glunds blaekKDed. After 34 his. one of thtse 
leaves was colourless, and bviduntly dcnd. 

fiut/Jvite of Vmiiine.— Some of this salt was added to 
water, which is said to dissolve y,^ piirt of its weight. 
Five leaves were imttier^ed, etich in thirty minims of this solu- 
tion, which tasted bitter. In less than 1 hr. some of them had 
a tew tentacles inflected. In 3 hnt. most of the glands became 
whitish, others dark-coloured, and many oddly mottled. After 
6 hrs. two of the leaves tind a good many tentacles inflected, but 
this very moderate degree of inflection never increoFed. One of 
the leaves was taken out of the solution after 4 hrs.. and placed 
in water ; by the next morning some lew of the iuflecteij 
tentacles had re-expanded, showing that they were not dead ; 
but the glands were still much discoloured. Another leaf not 
inclttded in the above lot, after an immersion of 3 hrs. 15 m., 
was carefully examined; the protoplasm in the cells of the 
ontar tentacles, and of the short green ones on the disc, had 
become strongly aggregated down to their bases ; and I distinctly 
nw that the Uttle masses changed their positions and shapes 
rather rapidly : some coalescing and again segiarating. I was 
Buipiised at this (act, becaose qninine is said to arrest all move- 
t in the white corpuscles of the blood ; but as, according to 
Binz,* this is due to their being no longer supplied with oxygen 
by the red corpuscles, any such arrestment of movement conld 
not be expected in Droeera. That the glands had absorbed some 
of the salt was evident from their change of colour; but I at 
first thought that the solution might not have travelled Am 
the cells of the tonlacles, where the prolojilasm i 
active movement This view, however, I have no doubt, is 
erroneous, for a leaf which had been immersed for '6 hrs. in the 
ine solution was then placed in a little solution of one part of 
carbonate of ammonia to 218 of woter; and in 30 m. the glands 
and tho up)H.T cells of the tentacles liecanie intensely black, with 
the protoplasm presenting a very unusual appearance; for it 
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had become aggregated, into roticiilaled d:ngy-ru;iloured n 
having rotmded and nnfjulnr interspaces. Ah I liaso i 
Been thia uffect produced by tho carbonate of Bnimouia alone, 
ft must be attribtited to the previous action of the quinine. 
These reticulated masses were watched for eome time, but did 
not change tbeir forms; so that the protoplasm no doubt had 
been killed b; the combined action of the two Balls, thougli 
exposed lo them for only a short time. 

Another leaf, after an immersion for 2J: hrs. in the quinine 
Bolution, became aoraowhat flaccid, and the protoplasm in all 
the cells was a^^cgat^d. Many of the aggrc^iit^Hi masses were 
discoloured, and presented a granular appearance ; they were 
spherical, or elonf^ted. or still more commonly consisted of 
little curved chains of sniall globules. None of these masaca 
exhibited the least movement, and no doubt wore all dead. 

Half-minims of the solution were placed on the discs of six 
leaTeai after 23 hrs. one hod all its tentaclea, two had a few, 
and the others none inflected; so that tlie discsl glands, when 
irritated by tliis salt, do not transmit any strong motor impulse 
to the outer tentacles. After 48 bra. the glands on the discs of 
all six leaves were evidently mucLi injured or quite killed. It is 
clear that this salt is highly poisonous.* 

JtxUite 1/ Quinine. — Four leaves were immersed, each in thirty 
minims of a solution of one part to 437 of wafer. The solution 
was tested with litmus papcT, and was not acid. After only 
10 m. all four leaves were greatly, and after G hrs. immensely, 
inflected. They were then left in water for 60 hrn., but never 
re^spanded r the glands were white, and the leaves evidently 
dead. This salt is far more efBcient than the sulphate in 
causing inflection, ond, like that salt, is highly poironoua. 

Sitrale of Quinine. — Four loaves wore immersed, each in thirty 
minims of a solution of one part to 437 of water. After 6 hra, 
there waa hardly a trace of inflection ; after 22 hrs. three of the 
leaves were moderately, and the fourth slightly inflected; so 
that this salt induces, though rather slowly, well-marked inflec- 
tion. These Iwivos, on being left in water for 48 hrs., almoet 
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completely ro-expfindcd, but the glands were much dieeolouroil. 
Eeiicc this Rait is not poisoitoufl in any higb degree. The 
diSorent action of the Uirvo foroguiug Hilte of quiniue is sin- 
guJar. 

DiyitoUnf. — Half-tniuima of a Holution of one part to 437 of 
wafer were placed on the diRtrn of five leavt^s. In 3 hrs. 45 m. 
Boine of them had their tentacles, and one hiul ita hlude, 
moiieratel; inflected. After 8 hre. threo of them were well in- 
flected; the fourth had only a few tent-aclos inflected, and the 
fifth (an old leaf) was not at all sfiectnd. They remnined in 
nearly the Rame state for two days, bnt the glands on tJieir disce 
became pale, On the third day the leaves appeared much 
injored. NoTertheloaa, ivhcn hita of meat were placed on two 
of them, the outer tentaeles l)ecanie inttccted. A minute drop 
(about 5^ of a minim) of the solution was applied to three 
glands, and after 6 hrs. all three tentacles were inflected, but 
next day had uearly re-eiponded; bo that thia very lanall dose 
of -jsin^ of a grain ('00225 mg.) acta on a tentacle, hut is not 
poisonouR. It appears from these several facta that digitalina 
causes infl<fction, and poieons the glands which absorb a 
moderately large amount. 

Aftudnr.— The secretion round several glands was touched 
with a minute drop of the pure fluid, and the glands were 
instantly blackened; the tentacles becomiug inflected in a few 
minutes. Two leaves were immersed in a weak solution of two 
drops to 1 oz., or 437 grains, of water. When cxninined 
after 3 hrs, 20 m,, only twenty-one tentacles on one leaf were 
closely inflected, and six on the other slightly so; hat all the 
glands were blBckened, or very darlt-colourod, with tlie pro- 
toplasm in all the cells of all the tentacles much aggregated 
and dark- CO ion red. The leaves were not quite killed, for on 
being placed in a little solution of carbonate of ammonia 
(:! grs. to 1 oz.) a few more tentacles became inflected, the 
remainder not l>eing acted on during the nest 24 hrs. 

Half-minims of a stronger solution (two drops to | ok. of 
water) were placed on the discs of ail leaves, and in 30 m, all 
thoee tentacles became inflected ; tiie glands of which had 
Mtually touched the solution, as shown hy their blackness ; 
but hardly any motor influence was transmitted to the outer 
tentacles. After 22 hra. most of the glands on the discs ap- 
peared dead ; but this conid not have txren the cose, as when 
bits of meat were placed on three of them, some few of the 
outer tentacles were inflected in 24 hrs. Hence nicotine has a 
great tendency to bluckeu the ginnds and to induce aggregation 
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of the protoplasm, but, except wlien jiure, hua verj nioiipnita 
power of induciug inficctioti, snd ittill less power of causiDg 
a motor influence to l>e transmitted from the liiGcal glauds to 
the outer teiiliicl('« It is modernlely ]V)isoDone. 

J'riijiine.— \ grain was adiled to 437 grains of water, but 
wa8 not all diEEolved ; another grain was added to 437 grains of 
a mixture of jjno piirt of alcohol to i 
a third solution was niaile by adding 
atropine to 437 of water. I^lf-minin 
were placed, in each case, ou the d 

effect whatcTur was produced, excepting that the glands on 
the discs to tthicli tlie valerianate was given were Elightlj 
discoloured. The six leaves on which di'ops of the solution 
of atropine in diluted alcohol had been left for 'il hrs. 
were given bits of meat, and all hecame in 24 hrs. fairly well 
inflected! so that atropine does not excite movement, and is 
not poisonous. 1 also tried in the same manner the alkaloid 
sold oa daturine, which is believed not to differ from atropine, 
and it produced no effect Three of the leaves on which drops 
of thia latter solution had been left for 24 hrs. were likewise 
given bits of meat, and they hod in the course of 24 brs. e, good 
many of their subroarginal tentacles inflected. 

Vcralriiie, (Mchiciai', rAein^,— Solutions were made of these 
three alkaloids by adding ono part to 4iI7 of water. Half-minima 
were placed, in eaeh caee, on the discs of at least six leaves, bnt 
no inflection was caused, except perhaps a very slight amannt 
by the theine. Half-minims of a strong infosion of tea like- 
wise produced, as formerly statod, no effect. I also tried similar 
drops of an infusion of one part of the extract of colchicum, sold 
by druggists, to 218 of water ; and the leavea were observed for 
48 hrs., without any effect being produced. The seven leaves ou 
which drops of venitriiie hod been left for 2(J hrs. were given 
bits of meat, aud after 21 hrs. were well inflected. Tbeee three 
alkaloids are therefore quite innocuous. 

C'ltmre.— One part of this famous poison was added to 218 of 
water, and three leavcti were immersed in ninety minims of the 
fi1t«rod solution. In 3 hrs. 30 m. some of the tentacles were 
a little inflected ; as was the blade of one, afler 4 hrs. After 
7 hrs. the glands were wonderfully blackened, showing that 
matter of some kiud had been absorbed. In 'J lirs. two of the 
Inaves had most of their tentacles sub- in fleets, d, hut tho infleo- 
tion did not inerease in the course of 24 hrs. One of these 
leaves, after being immersed for 9 hrs. in the solution, waa 
placed in water, and by nest nioniing had largely rcL-x|*anded 
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the other two, nfter tlieir ininnrsion for 24 hra., wore likewiso 
plftctd in water, mid in 'JA hra. were w>iiBiderablj re*ejpanded, 
tfauogh their glajiils weru as black aa hvlt. Boif-oiininiB were 
plaitd on the discs of lix leaTes, and no inflection on«u(;d ; lut 
afti-r three days the glands on the discs appeared rath<?r dry, 
yet to ni; Hnri)riBe wore not blackened. On another occofioD 
drops iTcrc placed on the discs of six leayes, and a couitideralile 
aniouiit of inflection was soon caiisc-d ; but hb 1 hod not filtered 
the solution, floating particles may have acted on the glauda. 
After 24 \\n. Iiita of meat were placed on the disc* of tliree of 
these leaves, and next day they beoAnte strongly inflected. As I 
*A Cuvt thought that the poison might not have been dismlved 
ID pnre water, one grain nas added to 4117 grains of a mixture 
of one part of alcohol to seven of water, and half-minims were 
placed on the discs of six leaves. These were not at all afl'ccted, 
and when alter a day liits of meat were given them, they were 
slightly inflected in 6 hrs., and closely after 24 hrs. It follows 
from these several lactB that a solution of curare induces a very 
nio(lorat« degree of Inflection, and this may perhaps hn due to 
the presence of a minute qiinntity of alhiinicn. It certainly is 
not poisonous. The protopliism in one of the leaves, which liad 
been immersed for 24 hrs,, and which had become slightly in- 
flected, had undergone a very slight amount of allegation — 
n often ensues from an immersion of this length ot 
liniu in water. 

Ac-iale of Miwj'hia. — I tried a great number of experimento 
with this Huhetance, but with no certain result. A considerabls 
number of leaves were iiiimcnied from between 2 hrs. and 6 hrs. 
in a solution of one part to 218 of water, and did not beoome 
inflected. Nor were they poisoned ; for when they were washed 
and placed in weak solutions of phosphate and carbonate ot 
nnimonia, they soon became strongly inflected, with the pro- 
toplasm in the cells welt aggregated. If, however, whilst the 
leaves were immersed in the morphia, phosphate of am- 
nionia was added, inflection did not rapidly euHue. Minnto 
drof)s of the solution were a)iplied in the usual manner to the 
Bt'cretion round between thirty and forty glands; and when, 
afltr an interval of 6 m., hits of meat, a little saliva, or particles 
of glass, were placed on them, the movement of the tentacles 
was greatly retarded. But on other occasions no Bitch retar- 
dation occurred. Drops of water simiiarly applied ni-ver have 
any retarding power- Minute drops of a solution of cugar of 
the same streiij^th <one jiart to ^IB of water) siniielimes retarded 
the Bubsequuut action of meat and of pai'ticks of glass, und 
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3 did not do no. At ono time I felt convinct'd that 
morphia acted as a narcotic on Drosera, but after having found 
in what a sJnf;tilaF manner immersion in certain uou-poihonoua 
mltJi and acida prevente thu subsequent uctiun of phoRpliale of 
ammonia, whereas other solutions have no euuh power, my 
first conviction seoma very doubtful, 

Kxtraet rf //i,i«cyi'rau«.^SeTBrai leaves worn placed, each in 
thirty minims of an infusion of 3 grs. of the eitract sold by 
druggists to 1 oz. of water. One of thum, after being immorsod 
for 6 hrs, 15 m., wna not inflected, and was then put into a 
solution (1 gr. to 1 oz.) of cariuuate of ammonia; after 2 hra. 
40 m. it was found eonsiderably inflected, and the glando 
much blackened. Four of the leaves, after being immersed for 
2 hra. 14 m., were placed in 120 minims of a solution (1 gr. to 
20 02.) of phosphate of ammonia; they liad already becomo 
slightly inflected from the hyoscyamus, probably owing to thn 
presence of some albuminoas matter, as formerly explained, 
but the inflection immediately increased, and after 1 hr. was 
strongly pronounced ; so that hyoscyamus doos nut act ob a 
narcotic or poison. 

Foitumfrum the Fang of a l.ivinii Adder, — Minute drops were 
placed on the glands of many tentacles; thur<e were quickly 
inflected, just as if saliva had been given them. Next morning, 
after 17 1u;b, 30 m., all were beginning to re-expand, and they 
appeared uninjured. 

I'oi'on fnim thf Cubi'a.— Dr. Fayrer, well known from his 
investigations on the poison of this deadl.v snake, was so kind 
as to give me some in a dried state. It is on albuminoue 
Bubatance, and is believed to replace the plyaline of saliva,' A 
minute drop (about ^ of a minim) of a solution of one part to 
437 of water was applied to the secretion round four glands; so 
that each received only about jTijuj of a grain (0016 mg.). Tho 
operation was repeated on four other glands; and in 15 m, 
several of tho eight tentacles bei'ame well inflected, and all of 
them in Q hrs. Next mumiug, after 24 hrs,, tlicy were still 
inflected, and the glands of a very pale pink colour. After an 
additional 24 hi's. they wore nearly re-espanded, and completely 
so on the succeeding day; but most of the glands remained 
almost white. 

Hiilf-minims of the wime solution were placed on the discs ot 
three leaves, so that each received f,^ of a grain {■0675 rag,); ia 
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4 lira. 15 m. thu outer Umtnclea wore much inflected; und after 
6 hrs. 30 m. those on two of tho loavos were cloeely inHeclcd nurf 
the likdo of ono ; the third lonf was onl; niodcratel; affected. 
The IcavoB rcraaioed in the same state during tho ncit day, 
bat after 48 hrs. ro-ei{>andcd. 

I'liTM leaves wore now imtaerBed, each in thirty minims of tlio 
BulatioD, so that each received -ft of a grain, or 4*048 mg. In 
6 ID. there woh some inflection, which steadily incroaRcd, so that 
after 2 hrs. 30 m. all three leaves worn closely inflected; tho 
glands wore at tirst somewliat darkened, then rendered pale ; and 
the protoplBMn within the cells of the tentacles was partially 
oiigrogatud. Tho little mosses of protopIoGm were examined 
after 3 hrs., and again after 7 hro., and on no other cfficasioD 
have I seen them nndcrgoing such rapid changes of form. 
After 8 hrs. 30 m. the glands had become quite white; they hod 
not seci-eted any great quantity of mucus. The leaves wore 
DOW placed in water, and after 40 hrs. r&^xpanded, showing that 
thoy were not much or at all iujuri'd. Duriot; their imtncrsioD 
in water the protoplasm within the wlls of the tentacles was 
occasionally examined, and always found in strong movement. 

Two leaves wero nest inunersed, each in thirty minims of a 
much stronger solution, of one part to 10^ of water ; no that each 
iweeived J of a groin, or 1G''2 rog. After 1 hr. 45 m. the sob- 
marginal tontaoles were strongly inflectiid. with the glands some- 
what pale; after 3 hrs. 30 m. both leaves hnd all thoir tentacles 
eloHoly inflected and the glands while. Hence the weaker 
solution, as in so many other coses, induced more rapid inflec- 
tion than the stronger one ; but the glaiids were sooner rendered 
white by the latter. After an imraersion of 24 hrs. some of the 
tentacles were oiamincd, and the protoplasm, still of a fino 
purple colour, was found af^regat«d into chains of small globular 
masses. These changed their shapes with remarkable quickness. 
After an immersion of 48 hrs. they were apiin examined, and 
their movements were m plain that they could easily be seen 
■under a weak power. Tlie leaves were now placed in wat«r, 
and after 'M hrs. (i.e. 73 hrs. from their flrst immersion) the 
little masses of protoplasm, which had become of a dmgy purple, 
*ere still in strong movement, changing their shapes, coalescing, 
and again separating. 

In 8 hrs. after these two leaves taoil been placed in water (i.e. 
in 56 hrs. after their immersion in the solution) they began to 
r»«xpBnd, and by tho next morning were more expanded. 
After an rtilditioiial day (i.e. on the fourth ibiy after thei 
tioD in Die sulutinn) ihey were largely, but not quite fully 
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expanded. The lentacies were now eifltniiicd, nnd the at^gregBted 
■e almost wholly redixEolred ; the celln being filled with 
horiiogeneouB purple fluid, with llie exception here and there ol 
a single globular masf. We thus see how completely the proto- 
plasm bad BBcaped all injury {rom the poif^oii. As the glands 
were Boon rendered quite white, it occnrred to mo that their 
ti'xture might hare been modified in such a manner as to 
prevent the poison passing into the cella beneath, and conse- 
quently that the protopltwni within these cells had not been aJk i 
all affected. Accordingly I placed another leaf, which had been I 
iromeiaed for 48 hrs. in the poisou and afterwards for 24 hre. in ' 
water, in a little solution of one pnrt of carbonate of ammonia 
to 218 of water ; in 30 ra. the protoplasm in the cells benesth 
the glands became darker, and in the course of 24 hrs, the 
tentacles were filled down to their leases with dark-coloured 
spherical masses. Hence the glands had not lost their 
power of absorption, as far as the cjirbonate of ammonia is 
concerned. 

From these facts it is manifest that the poison of the cobra, 
though BO deadly to animais, is not at all poisonous to Drosora; ' 
yet it causes strong and rapid. inllectian of the tentacles, and , 
soon discharges all colour from the glands. It seems even to act 
as a stimulant to the protoplasm, for after considerable expo- } 
rience in observing the movements of this substance in Drosera, i 
I bsTe never seen it on any other occasion in so active a state. ~ 
was therefore anxious to learn how this poison sffected animal , 
protoplasm ; aod Dr. Fayrei was so kind as to make some obser- i 
vations for me, which he has since published.* Ciliated epi* 
thelium from the mouth of a frog was placed in a solution of 1 
"03 gramme to 46 cubic cm. of water ; others being placed 
at, the same time in pure water for comparison. Tlte mov»- 
ments of the cilia in the solution scorned at first increased, 
bat soon languished, and after between 16 and 20 minutes , 
ceased ; whilst those in the water were still acting vigoronsl]'. 
The white corpuscles of the blood of a frog, and tlie cilia on 1 
infusorial animals, a Faramiecium and Volvox, were sinularlj' 1 
affected by the poison. Dr. Fayrer also found that the muscle. I 
of a frog lost its irritability after au immersion of 90 m. in j 
the solution, not then responding to a strung electrical current 
Od the other hand, the movenients of the cilia on thu mantle ol 
an Dnio were not always arrested, even when left for a conaidep 
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iblo time in a Torv strong solution. On the wTiole. it Beenia 
tliat the poison of the cobra acts Cir more iDJurioiiKl; on the 
protoplasm of the higher animals than on thnt of Driiticrii. 

There is one other point which mny lie noticeil. I have occii- 
sionalljT observed that tlio drops of eeoretion rounil the gluuilB 
were rendered somowliat turbid by cerloin solutions, and more 
especially by some sumIs, a tihn lacing rumied on t)ie BurfiuMS of 
the drops; bat I nevM saw this effect produced in so coii- 
spieaiiuB a manner as by the cohra poisoa When the atrongor 
solution was employed, the drops appeared in 10 m. like little 
white rounded eloudfl. After 48 hrs. the secretion waa changed 
into thnuuk and aheets of a membranous substance, including 
miDDte granules of various sizes. 

Vamp/ioi: — Some scraped camphor waa left for a day in a liottle 
wilh distilled water, and then filtered. A solution thus made is 
said lo contain Ythns °^ 'l* weight of camphor; it smolt and 
tasted of this Kutistanco. Ten leaves wore immersed in this 
solution ; after 15 m. five of them were well iiillecte>l, two 
showing a first trace of movement in 11 m. and 13 m. ; the 
sixth Itaf did not begin to move until 15 m. had elapsed, bat 
WIS fiiirly well inflected in 17 m. and quite closed in 34 m. ; the 
seventh began to move in 17 m., and was completely shut in 
36 m. The eighlli, ninth, and tenth leaves were old and of 
a very dark red colonr, and these were not inflected after an 
immersion of '24 hrs.; so that in making eipcrimonta with 
camphor it is necessary to avoid such leaves. Some of theee 
leaves, on bemg left in the solution for 4 hrs,, became of a 
rather dingy pink colour, find secreted much mucus i although 
their tentacles were closely inflected, the protoplasm within the 
cells was not at all aggregated. On another occneion, however, 
after a longer immersion of 24 hrs., there was well marked 
aggregation. A solution made by adding two drops of campho- 
rated spirits to an ounce of water did not act on one leaf; 
whereas thirty minims added to on ouuc« of water acted on two 
leaves immersed together, 

M. Vogel has shown* that the Qowers of vni'iiius pinnts do not 
wither so soon when their stems are placed in a sulntion of cam- 
phor as when in water; and that if already slightly withered, 
they recover more quickly. The germination of certain seeds ia 
also accelerated by the solution. So that camphor acts as a 
stimulant, and it is the only known stimulant for plants. 1 
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^H wished, therefore, to ascertain whether camphor vould lendor the 

^H leaves of Drosuro more BunBitive to mechanical irritatian thAn 

^H tiia; naturally arc. Six leaves were loft in distilled water for 

^M 5 m. or 6 m., and then gently brushed twice or thrice, whilst atill 

^V under wat«r, with a soft camel-hair brunh ; but no itiovement 

^B ensued. Nine leaves, which hod been immersed in the above 

^V solntion of camphor for the times stated in the following 

^ table, »ero next brushed oulj ''ncs with the same brush and in 

the same manner as tioforo ; the results are given in the table. 

My first triab were mode by brushing the leaves whilst still 

immcrsvd in the solution ; but it occurred to mo that the viscid 

I secretion roimd the glands would thus bo removed, and the 

camphor might act more effectually on them. In all tbs 
following trials, therefore, each leaf was Uken out of the boId- 
tion, waved for about 15 s. in water, then placed in fresh water 
and brushed, so timt the brushing would u<it allow the freer 
aoceB* of the camphor ; but this treatment mode i 
in the results. 
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'3 m. oon»J<Iemh]o inflection : 4 in. alt 

the teiitoclea except 3 nr 4 inllecteil. 
U m. lint sipn ofinHectian. 
(i m 'M s. ttlv-ht inflection ; 7 m. 30 e. 

plain inflection. 
2 m. :W H. a tmco of inflootinn ; a m. 

plain; 4 in, stmnijly mnrked. 

m. 311 1. a tniou of ii'iflwtina ; S 

plitin inlleclion. 
m. 308. dociilud inflection ; 3 m. 31 

atronsly mnrkeil. 

m. SO B. Blight inflcetloo: 3 m. 

plain : 4 m. weli marked. 

Di. tnuM of inflection ; H m, ooti- 

aiJemble, li ni. atmns iiiHection. 

m. tnteci of iuflcwtinn ; 3 m. 

Biilerublo, t> m. iitronjr inliectic 
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Other leaves n«re left in tlie solution without Iwing brushed; 
one of these first showed a tmco of inflection after 11 ro.; *. I 
acooud after 12 m.; five were not inQocted nulil 15 m. ba/t f 
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elftjisoil. Jind two not until a fuw minntM later. On Iho other 
hmnd, it will be seen in the lif^ht-liand cnlumn of Uio table that 
most of the leaves Biihjected to the solution, and which were 
brushed, became inflected in a much shorttr time. The move- 
ment of the teulaelcs of Bomo of these Icavea was bo ropid that 
it could be plainly ec<cu through a very weuk Icnx. 

Two or throe othor experiments are worth giving. A largo 
old leaf, after being immersed for 10 m. in the solution, did not 
appear likely to lie soon inflected ; so I bruBhcd it, and in 2 m. 
it began to move, and in 3 m. waa completely fthut. Another 
leaf, after an immcrRJon of IS m., ehowed no hIktis of inflection, 
BO was brushed, and in 4 m. wns (iraudly inflected. A third leaf. 
lersion of 17 m., Ijkowise showed no signs of in- 
flection ; it was then brushed, but did not move for 1 hr.; so 
that here was a failure. It was again bmBhe<), and now in 
9 m. a few tentacles becanie infli-ctcd; the failure therefore wbb 
not complete. 

We may conclude that a small dose of camphor in Bolution is a 
powerful Btitnulant to Droeero. It not only soon excites the ten- 
tacles to bend, but apparently renders the glands sensitive to a 
touch, which by itself does not canse any movement. Or it may 
be that a slight mechanical irritution not enough to cause any 
inflection yet gives some tendency to innvoment, and thus 
reioforcoB the action of the camphor. Tliis latter view would 
have appeared to me the more probable one, had it not boon 
shown hy M. Vogel that camphor is a stimulant in other ways to 
Tarious plantn and seeds. 

Two plants bearing four or Ave leaves, and with their roots 
in B little cup of waler, were exposed to the vapour of some 
bita of camphor (about as large as a tllbert-nnt), under a 
Tessel holding ton fluid ounces. After 10 hrs. no inflection 
ensued ; hut the glands appeared to lie secreting more copiously. 
The leaves were in a narcotised condition, for on bits of meat 
lieing placed on two of them, there waa no inflection in 8 hrs. 
15 m., and even after 13 hrs. 15 m. only a few of the outer 
tentacles were slightly inflected; but this degree of movement 
shows that the leaves had not lieen ki!l(<d by an exposure 
during 10 hrs. to the vapour of camphor. 

Oil if Carii-ivii/, — Water is said to dissolve about a thousandth 
ivirt of its weight of this oil. A drop was added to an ounce 
i)f wjticr ntid the bottle occasionally shaken during a day ; 
but many minute globules remained undii'solTed, Five Icavi-a 
Were immersed in this mixture ; in from 4 m. to 5 m. there wafl 
•oiue inflection, which boeame moderdlely prononncod 
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three additional minnteH. Aftur 14 m. al' fivt loaves were well, 
rin() some of them closely, inflected, AfltT 6 hre. the glands were 
wliit«, and much mucus had been secreted. Tbe leaves were 
now flaccid, of a peculiar dull-red colour, and Bvidently dead. 
One of the leaves, after an immersion of 4 m., was brushed, like the 
loaves in the camphor, but this produced no effect. A plant 
with its roots in water wus expoiiei] under a 10-oz. vessel to the 
vapour of this oil, and in I hr. 20 m. one leaf showed a trace at 
inflootion. After 5 hrs. 20 ni. the cover was taken off and the 
leaves examined ; one had all its tentacles closely inflected, 
the second »bout half in the same state ; and the third all sub- 
inflected. The plant wns left in the open air for 42 hi-s., hut not 
a single tentacle expanded ; all the glands appeared dead, except 
here and there one, which was still secretin;;. It is evident 
that this oil is highly exciting and poiaouaus to Brosera. 

(lit a/ Cloves.— A miiUMO vas mede ia the same mnuner as in 
the laat vase, and three leaves were immersed in it. After 30 m. 
there was only a tioco of inflection which novor increased. After 
1 hr. 30 m. the glands were pale, and after 6 hrs. white. No 
donbt the leaves were much injured or killed. 

riiijieni in-,— Small drops placed on the discs of some leavea 
killed them, as did likewise drops of creoso'e. A plant was left 
for 15 m. under a IS-oz. vessel, with its inner surface wetted 
with twelve drops of turpentine ; but no movement of tbe ten- 
tacles ensued. After 24 hrs. the plant was dtad. 

0(jetri*ne.— Half-minims were placed on the discs of three 
leaves : in 2 hrs. some of the outer tentacles were irregnlarly 
inflected ; and in 19 hrs, the leaves were flaccid and apparently 
dead; the glands which had touched the glycerine were colour- 
less. Minute di'ops(about j^ ofaniinim) were applied to the 
glands of several tentacles, and in n few minutes these moved 
and soon reHchcd Ihc centre. Similar drops of a mixture 
of four dropped drops to I oz. of water were likewise applied 
to several glands; but only a few of tbe tentacles moved, and 
these very slowly and slightly. Uulf-minims of this same mix- 
ture placed on the discs of some leaves caused, to my surprise, no 
inflection in the course of 48 hm. Bits of meat were then given 
them, and next day tliey were well inflected; notwithstanding 
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that some of the dii^ral glands hud been rendered alinoflt colonr- ^^| 

loss. Two leaves were immersed in the same mixture, hut only ^^H 

For 4 lim. ; thoy were not iiifleoled, and on being afterwards ^^H 

Ik'fl for 2 hrs. 30 m. in a solution '1 gr. to 1 oz.) of carbonate trf ^^H 

jLiumiinia, thetr glands w?re blackened, their tentacles inflected, ^^| 

and the protoplasm within their cells aggrognteil. Tt appean ^^^| 
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from these TActs thnt a mixlnre of four drops of glfcerinv to 
aa oiinco of wntei ib not poisonooa, and excites very liLtlu ia- 
flcctioa; but that pure glycerine is poisououB, luid if uppliod 
in ver;' minute qiuntitios to tho glands of tlio outer kintaclis 
WIISU8 thoir inflectitm. 

Ti-e Kffecls 0/ ImmcrtioH in Water and in vavvna Soluti'mt <m 
Iht tuhteifumt Action (^ Photphale aiui Cnrboruilf ••/ Amaumin. — 
Wo have seen in the third and seventh chapters that immorHion 
in distilled water caiises after a time some d^rce of aggregation 
of the pn)to))lBeni, and a modomte amount of inflection, eepe- 
ciallf in the case of planta which have txfen kept at a rather 
high temperature. Water does not es^ito a copioua aecrolion 
mucus. We have liere to L-ODslder the efiects of immersion 
rarioua fluids on the subeoqufiit action of sallH of ammonia 
and other stimulants. Four leaves which had been left for 
24 hrs. in water were given bits of moat, but did not clasp them. 
Ten tcBves, after a Bimilar immersion, wore left for '24 hrs. in 
s powerful solution (1 (jr. to '20 oz.) of phoaplinte of ammonia, 
and only one showed even a trace of iufluction. Three of 
these leaves, on U.'tiig left for an additional da; in the solution, 
still remained quite nDaffcct«d. When, however, soaio of these 
leaves, wliich hnd Iweii first immersed in water for 24 hrs , and 
then in the phosphate for 24 hrs. were placed in a solution oF 
carbonate of ammonia (one jiart to 218 of water), the pro- 
toplasm in the cells of the tentacles hocnme in a. few hours 
strongl; aggr^:ated, showing thut this salt had bccti absorlx.<d 
and taken effect. 

A short immeTBion in water for 20 m. did not retard the suh- 
Boqnent action of the phosphate, or of splinters of glass placed 
on the glands; but in two instances an immersion for 50 m. pre- 
vented an J effect from iMsolutionof camphor. Several leaves 
which had been left for 20 m. in a solution of one part of while 
sugar to 21B of water were placed in tho phosphate solution, 
the action of which was delayed; whereas a miied solution of 
sugar and the phosphate did not iu the least interfere with the 
ef^ts of tho latter. Throe leaves, after being immersed for 20 tn. 
in the sugar solution, were placed iu a solution of carbonate ot 
(unuionta (one part to 218 of water;; in 2 ra. or 3 m. the glands 
were blackened, and after 7 m. the tentacles were consideralil; 
inflected, so that the solution of sugar, though it delayed the 
action of the iihoBphate, did not deluy that of the carbonate, 
InimcTKion in a similar solution of gum nrahic for 20 m. had no 
retarding action on the phosphate. Tiirce leaves were left fur 
20 ro. in a nij»tun' I'f one pari of alraln)| In seven parts of waler 
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and thon plneed in the phosphate solution : in 2 lire. 15 m. there 
was n trace of inflecUoii in one leaf, and in 5 hrs. 30 ni, n scoiDd 
was slightly affected; tli6 inflection sulxiequentlj increased, 
thongh elowlf . Honce diluted Alcohol, which, as we shali Keo, ia 
hardly at all poiBonous, plainly retards the subsetiuent action of i 
tht! phosphate. 1 

It was shown in tho last chapter that Icavos which did not i 
lieconie inflected by nearly a day's immersion in solutions at ] 
various salts and nciiis behoved very differently from one an- 
atlior when Bnleequently placed in the phosphoto solution. I 
hei'e give a table summing up the results. 
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1»«^' 


Effi'CUpnxtuaMlDii th- Lrii>« by Ihtfr nlwi. 


Kjoneufibi^SilUinil 


L^vMin 


^'d.^"'™ "^r jiir,";!r'prgi[^j.e^ ' 


AcWmnJfcluHwi. 








vF 


so«. 




2-J hrs. 


lentneles. 


PobiMium oatbonale 


20 in. 


Scarcely Hny inflecliDn untU S hn. 

Iind c1np«xl. 
After 24 hrs. very eli^rht inflsetjan. 


CiilBium Qceliite . 


2\hn. 


Ciilciiuiiiiitmto. . 


2^h^B. 


D... do. 


Mt^esiuin noutato- 


22 bn. 


Some sliaht inflection, which beettae 
wpII prononiiced in 21 Ltb. 


Miig7io«iumiiitn>te. 


22 hm. 


Aftirr 4 bn. 30 m. a fsir rnnount of 


MagnoBium chlorhie 


22 hrs. 


Aftiir B few minute* prent inflrelion: 
iiftcr4hrH.ik11foiirli«vM»itbaliiuMt 
cvi.ry tontaple doBely inflected. 


Boriura scclato . . 


2Zhn>. 


After 24 lire, two leaves out of four 
sliebUy inflected. 


Barium nitrate . . 


•12 hn. 


After 30 in. one l.inf Rrcatly, and two 
others mocicralely, inflected; they 
K-mainod thus for 24 bre. 




22 hn. 


After as m. two leaves greatly in- 
fleeted; afk-r fi hr^. a tbir.1 leaf 

uiodcmtely, unci the fourth very 
sliKbtly, iiirtc^t.'d. All four thus 
reinnini^ fer -li bra. 


Strontium nitrate . 


22 hn. 


After .s hm, three Ic-ovea out of flvfl 
uinJemtely inflected : aftt'J 24 hrS. 
all flvo in IhU Blute; but not dim 
elosely inQi'eU'd. 




21 bra. 


Three Jouves «bi. b hid either bMO 
etisbdy or .lot ut nil Hffor.tod bytlM 
chloriile becumu after T hrs. 30 m 
ruthoi closely irilliMtod. 
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'^ 


tM.iajmii.nim Ihe L»*» brtbelriul- 


HUMafthrflilUiiml 




A>MilnSo)uL1un. 


Sqllilioni. 








3»K. 










-..Iff. 






:ft lire. 


After a.'Vhrs.slipht and doubtful efftot. 


L.wl eUbriJe . . 


23 1ira. 


After 24 hn. Iwo leaves Hinicalmt 
inflected, the third very little : ond 
IhuB fumaintHL 


Ibnf^ew {ihloridu 


22 lire. 




LwtieftcU . . . 


48hr8. 


After 24 hra. a trare of iiillecticm in 
a. few tenlBcles, tlie glHuda of 
nhici) lud not Iwen killed by the 

ftCid. 

After24h».noinflKOtion. 


Tannic acid . . . 


24 hn. 


Ttirlnric ucid . . 


24 lire. 


Do. do. 


Citric acid . . . 


24hre. 


After 50 m. tentaolee decWodly in- 
Hected, and after ."i lira. Btrongly 
inileoled ; M> remained for tlie next 
24iit8. 




22hre. 


Not olwarved until 24 lira, had elauaed ; 
tunlacles oonBiderably iDflockil, and 













In B large majority of thi^se twenty cases, a varying iJegreo of 
inSectioD was slowly cnuscd by the phosphate. In four cases, 
however, the inflection was rapid, occurring in less than half an 
hour or at moxl in 50 m. In three rases the phosphate did not 
produce the least effect. Now wjiat are we to infer from these 
facts? We know from ten trinle that immersion in distilled 
water for 21 hrs. prevents thn snbecqiient action of the phos- 
phate solution. It would, therefore, appear as if the solutionB of 
ehloride of nnangnuese, tannic and tartaric acids, which are not 
poisonous, acted exactly lihe water, for the phosphate produced 
no efleot on tlio louvea which had been previously immersed 
in theee three solutions. The majority of the other solutions 
buhaved to a certain e:ttent like water, for the phosphate pi-o- 
duced, lifter a considerable interval of time, only a alight effect. 
On the other baud, the leaves which had been immerBod in the 
BolatioDS of the cliloride of ruhiilium and magnesium, of at'etale 
of strontium, nitrato of buriutn, and citric acid, were quickly 
acted on l>y the phosphate. Now was water abmrbed from these 
five weak solutions, and yet, owing to the presence of the salts, 
iid not prevent the subeequcnt action of the phosphate ? Oi 
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may we not unppose* that the inleratices of the wolla of 
the gluitiB were blocked up with tlie ini)leculi« of theee Rvo 
BiibstfLUreH, so that thciy wire ri'iidered iui])eniiea.hle to wnter; 
for liiul water enlertHl, wo know from tlie ten trialH that tho 
phosphate would not afterwards havo prixlucud any effect 
further appears tliat the molecules of tile carlxiiiatc of 
■;an quiakiy pass into glands whieh, from having been ' 
for 20 m. in a wenlc solution of sugar, either absorb tlie 
phatu Tory slowly or are acted on by it very slowly. Cta the 
other hand, glands, however they may have beta treated, seem 
easily to permit the Bubsequcnt entrance of tho moleculeB of 
carbonate of ammonia. Thns leavea which had been iromersed 
in a solution (of one part to 437 of water) of nitrato of pola»- 
eiunt for 48 hrs. — of sulphate of potassium for 24 hrs. — and of 
the chloride of polaasinm for 26 hrs. — on being placed in a 
Bulution of one part of carbonate of ammonia to 218 of water, 
had their glands Immediately blackened, and after 1 hr. their 
tentacles somewhat inflected, and the protoplasm aggregated. 
But it would he tin endless task to endeavour to oscertoia 
the wonderfully diversified effects of various solutions cm 
Drosera. 

part to seven of water). — It has already been shown 
inis of this strength plooed on the discs of leaves 
my inflection; and that when two days afterwards 
re given bits of meat, they became strongly in- 
flect^id. Four leaves were immersed in this mixture, and two of 
them after 30 m, were brushed with a camel-bair brnah. like the 
leaves in the solution of camphor, hut this produced no efiect. 



0,'CO' 



thot half- 
the leaves 



I 



• Bw Dr. M. Traube'B onriona 
sxperimenta on the prodiiutioo of 
aiiifloiol cells, and on their per- 
muibilily to varinns aaitB, de- 
scribed m hia papers : " Expert- 
mentu lur Thtnrie der ZKllenbil- 
dung und l\Ddcalnose," Bresluu, 
IHSS: and " Kxpsrlmente ziir 

Shymcaliachen Erklanuig der Bil- 
un^r der Zellhaut, ihros Wuchi- 
tliurus durch Intumuweptian," 
Dri'slaii. 1h!74. TLcsk renearebea 
[H:rliu|u i'\pl:iln my results. Dr. 
Tmiilif iviiiiiiionly employed oa n 
tiiL-nilirjiiit' Iliv precipitute formed 

lact ivitli a soliitiini of )^latiiit. 



By nllnn-ing a precipitation ol' 
Hulpliiite of barium to take placo 
nt tho aame time, the membrane 
bL-comca " luUltrated " with thl« 
Bait ; and iu coneMuence of the 
iutercuIatioQ of moleculBi of sul- 
phate of Iwriiua among thom of 
the (lulatine piiwipitute, the mole- 
unlor iuterKtices in the membrane 
are made smaller. In thin altered 
condition, the membrane no I 
allowa tlie poasage througl 
eitlier aulphata of aoimon 
nitrate of barium, tboueh 
^ihia its pcnucnbllity for watw | 
tnd chloride otamnionitt. 
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Kor did these four luavefi, on beinp; left for 34 hrs. in the diluUxl 
alcohol, imdergo any inSeclion. Tltoj were Uiea removed; ona 
being plowd in an infiuion or raw meut, nnd bits of meat on 
tho (lisufl of tho other three, with their stjilks in water. Next 
day utie oentnud a little injnied, whilst two ot here showed merely 
a trace of induction. We mant, however, bettr in uiind that 
jmineraian for 24 hrs. in water previ^ntR leaves from clnapinc 
meat. Ilence aleoholof t lie ftliovo strength is not poisonous, nor 
diiu) it stimalate the Icavee like eamphor does. 

The vapour of alcohol sets differently. A plant having three 
giuxi leaves was left for 25 m. under a receiver holding 19 oz. 
with sixty ntininiB of alcohol in a watch-glass. No movement 
ensued, biit some few of the glands were bliv^kened ami 
ilirivoUed, whilst many l>ccame qnite pale. These were scattered 
ovec all the leaves in the most irregular uianni;!, reminding me 
of the manner in which the glands were affected by tlio vapour 
of carlwDste of ammonia. ImiLcdiately on the removal of the 
receiver particles of raw meat were placed on many of the glands, 
those which retained their proper colour being chiefly selected. 
But not a single tentacle woa inflected during the next i hrs. 
After the firtit 2 hrs. the glands on all the tentacles began to 
dry; and next morning, after '22 hrs., all three leaves appeared 
almost dead, with their glands dry ; tho tentacles on one leaf 
alone being partially inflected, 

A second plant was left for only 5 m. with some alcoliol in a 
wat«h-glas8, under a 12-oz, receiver, and particles of meat were 
then placed on the glands of several tentacles. After 10 m. 
some of them began to curve inwards, and after 55 ni. iiearly 
all were considerably inflccled ; but a few did not move. Some 
uuMthetbic effect is here probable, hnt by no means certain. 
A third plant was also left for 5 m. under the some small vessel, 
with its whole inner snrfiice wetted with about a dozen drops of 
alcohol. Particles of meat were now placed on the glaniis of 
several tontacles, some of which first began to move in 25 m. ; 
after 40 m. most of them were somewhat inflected, and after 
1 hr, 10 m. almost all were considerably inflected. From their 
slaw rate of movement there can be no donht that the glands of 
these tentacles had been rendei'ed insensible for a time by 
ezpoeiire during 5 m. to the vapour of alcohol. 

Hipniir o/ Clilo>'o/orm. — The action of this vnponr nn Drosera 
Ik very variable, depending, I suppose, on the constitution or age 
ut the plant, or on some unknown condition. It sometimes 
causes the tentacles lo move with extraordinary ropidi'y, nnd 
iomelimta pruduees no such effect. The glands are fiomctimos 
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Hinilered for a tinio insenHibk- to the action ot raw meat, but ' 
eometiincB are sot thnH aSci;tml, or in a yuiy nUght degree, 
plant recovers from a Hmall dose, bat is easit; killed >>; a larget 

A pinnt was loft for 30 m. noder b bell-glnsq holding 
19 fluid oz. (539-6 mi.) with eight drops of chioroform, and 
before the cover was removed, raoet of the tentatlts liccame 
muoh inflectwl, though they did not reach the centre. After 
the cover was removed, bits of meat were placed on the glandl 
of eeveral of the somewhat incurved tentaules; those glands 
were found ranch blackened after 6 hrs. 30 m., Imt no furthra 
movement ensued. After 21 hrs. the leaves appeareil almost 

A smaller bell-elfias, holding 13 fluid ok. (340'8 ml.), was now 
employed, and a plant was k-ft for 90 b. umfer it, ivith oiilj 
two dropa of chloroform. Immediately on the removal of the 
glass all the tentacles curved inwards so as to stand perpen- 
dicularly up ; and some of tliem could actually be seen moving 
with extraordinary quickness by little starts, and therefore in 
an unnatural manner; but they never reached the centre. 
After 22 hra. they fully re-exp«nded. and on meat tieing placed 
on their glands, or when roughly touched hy a needle, thoy 
promptly became inflected; so that these leaves had not boen 
in the least irtjured. 

Another plant was placed under the same small licll-glaw 
with three drops of chlorofomi, and before two minutes had 
elapsed, the tentacles began to curl mwards with rapid little 
jerks. T)ie glass waa then removed, and in the course of two 
or three additional minutes almost every tentacle reached the 
centre. On several other occasions the vapour did not excite 
any moTemont of this kind. 

There seems also to l>e great variability in the dep«e and 
manner in which chloroform renders the glands insensible to the 
subsequent action of meat. In the plant lost referred to, which 
had been exposed for 2 m. to three drops of chlorotonn, some 
few tentacles cnrved np only to a perpendicular pmition, and 
particles of meat were placed on their glands; this caused 
tbera in 5 m. to begin moving, but they moved so slowly that 
they did not reach the centre until 1 hr. 30 m. had elapned. 
Another plant waa similarly exposed, that is, for 2 m. to three 
drope of chloroform, and on particles of meat being placed on 
the glands of several tentacles, which had curved up into m 
perpendicular position, one of these began to bend in 6 m., btd 
aftonvards movudvery slowly; whilst noneof the other tontaoln.' 
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moved for the ueit 40 m. NcTerthelesB, in 1 hr. 45 m. tiom the 
time when the i»\a of meat had been given, all the t«DtBclea 
reached the centre. In this ctuto eome Bliii;ht Hnowthctia ufibct 
apparently had hwn produecd. On tho following day the plant 
had perfectly recovertid. 

Aiiothtr plant bt^ring two Icftves was exposed fur 2 m, under 
the 19-0;!, vessel to two dropa of chlorofonn ; it wb« then tnkcn 
oat and eiaminod; again expoaed for 2 m. to two drojis; 
taken out, and re^xposed for 3 m. to three drops; so that 
altogether it va» exposed allfroatelj to the air and during 
7 m. to the vapour of eeven drops of chloroform. Bits of meat 
were novr placed on thirteen glands on the two leaves. On one 
of these leaves, a single tentacle (irst bcgfm moving in 40 ra., 
and two others in 51 m. On the sacond lenf some tentacles 
first moved in 1 hr. II m. After 2 hre. many teutaclea on botli 
leaves wore inflected ; but none had reached the centre within 
this time. In tliia case there txtuld not be the least doubt that 
the chloroform had eit:rtod au unffisthetic influence on the 

On the other hand, another plant was exposed under the same 
veeeel for a mnch longer time, viz. 20 m,, to twice as much 
chlorofonn. Bits of meat were then placed on the glands of 
many tentacles, and all of them, with a single exception, reached 
the centre in from 13 m. to 14 in. In this case, little or no 
BDRBthetic effect hod lieen produced ; and how to reconcile 
these discordant results, I know nut. 

VujHt'ir uf Salphuric Eth'-r.— k plant was exposed for 30 m. to 
thirty minims of this ether in a vessel holding 19 t>%, ; and bits 
of raw meat were afterwards placed on many glands which had 
become pale-coloured : but none of tlie tentacles moved. After 
6 hrs. 80 m. the leaves appeared sickly, and the discal glands 
were almost dry. By the next morning many of the tentacles 
were dead, as were all tliose on which meat had been placed; 
showing that matter had been alsorbed from the meat which 
hod increa!>cd the evil effects of the vapour. After four daj's 
the plant it«elf died. Another plant was exposed in the same 
Tessel for 15 m. to forty minima. One young, small, and 
tender leaf had at) its tentacles injected, and seemed much 
injured. Bits of raw meat were placed on several glands on 
two other and older leaves. These glands became dry after 
6 hrs., and seemed injured ; the tentacles never moved, except- 
htg one which was ultimately n little inSccted, The glands ot 
the other tentacles continued to secrete, and appeared nnii^ure^ 
tat the whole plant after three davs became very sickly. 
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^H In the two foregoing experiment!) the doaes were ovjdently ton | 

^M large and poisoiioud. With weaker doses, the nnmsthetic effect 

^1 was variiible, as in the case of chlorofnrni. A plant wns eipo.sed | 

^H For bm. ia ten drops under a 12'OZ. vessel, and hita of meat wcro ■ 

^H then placed on man; glands. None of the t«atacles thns trenttxfl 

^1 began to move fn a decided manner until 40 ra. had elapsed; ImiM 

^B thee some of them moved ver; quickly, bo that two reached the^ 

^M rantre aftc-r an additional interval of onl; 10 m. Id 2 hrs. 12 in. 

^H from the time when the meat nae given, all the tentacles reached ' 

^f the centre. Another plant, with two leaTos, was exposed it 

^f same vessel for 5 m. to a rather larger dose of ethir, and bits of J 

meat were plaeed on fievera) glands. In this case one tentacls 
on each leaf began to bend in 5 m. ; and after 12 m. two tentacles J 
on one leaf, and one on the second leaf, reached the centre. 
30 m. after the meat hod been given, all the tentacles, bath those 
with and withont meat, were closely inflected ; so that the ether 
apparently hod stimulated these lea vea, causing all the tentacles 
to bend. 

Il'upO'irof Kitn'c F.ikfi: — This vapour seems more injurious than 
that of sulphuric ether. A plant was exposed for 5 m. in a 12- 
07.. vessel to eight drops in a watch-glass, and I distinctly saw a 
few tentacles curling inwards tefore the glass was removed. 
Immediately afterwards bits of meat were placed on three 
glands, but no movement ensued in the course of 18 m. Ths | 
sanie plant was p1a<«d again under the same vessel for 16 n. 
with ten drops of the ether. None of the tentacles moved, 
and npxt morning those with the meat were stilt in the sama 
IMsition. After 4S hrs. one leaf seemed healthy, hut the others \ 
were much injured. 

Another plant, having two good leaves, was exposed for 6 
under a 19-oz. vessel to the vapour from leu minims of the ' 
ether, and bits of meat were then placed on the glands of many I 
tentacles on both leaves. After 36 m. several of them i 
leaf became inficctod, and after 1 hr. almost al! (be tentaclea, J 
those with and without meat, nearly reached the centre. On / 
t!ie other leaf the glands began t<i dry in 1 hr. 40 m,, and after 1 
several hours not a sinple loutncle was inflected ; but by th«' ] 
mtxt morning, after 21 hrs,, many were inflected, though they J 
seemed mneh injured. In this and the previous experiment, 
it is doubtful, owing to the injury which the leaves hod suffered, 
■whether any anajHthctic effec;t had been produced. i 

A third plant, having two good leaves, was exposed for onlj ■ 

Llm, in the 19-oz. vessel to the vapour from six drops. Bite irf J 
meat were then phced on the glands of seven tentacles ui 




'. A fiingle tontaele moved after 1 hr. 23 m.; after 
2 hn. 3 ID. Mvernl were inflected ; and at'ier 3 hrs. 3 m. al) tbo 
Beven tentacles with meal wure well inflectod. From the bIow- 
DFSB of these nioremc^nta it tB clear that this leaf had lieuti 
rendend insenaibla for a time to the action of the ineat. A 
second leaf was nither different!; affected; bita of muat were 
placed on the glands of five tenlnclee, three of which were 
■lightly inflected in 28 w.; after I hr. 21 u. one reached the 
oentm, bnt the other two were still onlj' alightly inflected; after 
It hra. they were much more inflected; but even after 5 hrs. 
16 m. all five had not reached the centre. Although some of 
the tentacke licgan to move moderately soon, they afterwards 
moved with extreme slowness. By nest niominR, after 20 hrs^ 
most of the tentaciee on both loaves were closely inflected, but 
not quite regularly. After iti hrs, neither leof appeared injured, 
though the tentacles were still iufleeled ; after 72 hra, one 
was almost dead, wliilxt the other was rc-txiuuding and 



('(jfWiic Aci-l. — A plant was placed under a 12'i-oz. bell-glasa 
filled with this gaa and standing over water; but 1 did not make 
■nfficient allowance for the aieorplion of the gas by the water, 
BO that towards the latter part of the experiment Bome air whs 
drawn in, After au 'xposuro of 2 brs. the plant was removed, 
and bitsof raw meat placed ou the glands of tliroe leaves. One of 
these leaves hung a little down, and was at first partly and soon 
aftorwardB completely covered by the water, which roBo within 
the vessel as the gas was absorlied. On this latter leaf the 
tentacles, to which meat had been given, became wfU inflected 
in 2 m. 30 s., that is, at about the normal rate; so that until 
I remembered (but the leaf had been protected from the gas, 
and might perhaps have absorlied oxygen from the water 
wliich was continuolly drawn inwards, I falsely concluded that 
the carbonic acid had produced no effect. On the other two 
lettres, the tentacleH with meat behaved very diflereutly from 
those on the flrKt loaf; two of them first began to move slightly 
fn 1 hr. DO m., always reckoning from the time when the meat 
was ptai«d on the glands — were plainly inflected in 2 hn. 
22 m.— and in 3 hrs 22 m. reached the centre. Three other 
tontaeleR did not licgin to move until 2 hrs. 20 m. hnd elajt^d, 
but renchcil the centre at about the same lime with the othcrB, 
viz. in 3 iirx. 22 m. 

This expfriimnt was repeated scverHl times with nearly (he 
»me rcBiilts, exi-epling that the interval before the 
be^n to move rurii'd a little. I will give only one other 
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A plant wttH Qsposod in Iho some vesKol to the gas for 45 ni,,fiiid 
bitJi of mcftt wore then plaood nn four glands. But Die leo- 
tauiea did not move fur 1 hr. 40 m. ; after 2 lirs. 30 ni. all four ! 
were well iafleot«d, and after 3 hni. reached the centre. 

The following singiilar [iheitonienon sotnetimeB, but by no I 
means ulwa;H, occurred. A plant was immcraed for 2 hrs., nnd I 
bits of meat were then plitued on Goveral glands. In the coima 
of 13 m. ail the submai^iunl tentacles on one lea 
piilerahly inflected; those with the meat not in the leaat degree 
more than the otherE. On a second leaf, which was rather 
old, the tentacles with meat, els well as a few otheni, were 
moderately inflected. On a third leaf all the tentacles were 
closely tnllected. though meat hod not tieen placed on any ot I 
the glands. This movement, I presuuie, may be attributed to ' 
eioitement from the atisorption of oiygen. The last-mentioned ,' 
leaf, to which no meat hod been given, was fully ro-oxpanded 
after 24 hrs.; whereas the two other leaves had all their ten- 
tacles closely inflected over the hits of meat which by this tim« I 
had been carried to their centrcR. Thus these three leaves \ 
had perfectly recovered from the efiecla of the gns ii 
0f34hra. 

Oil another oecasion some fine plants, after having lieen left ] 
for 2 lirs. in the gas, wore immediately given hits of meat in tha J 
usual manner, and on their exposure to the air moat of theii J 
tenloclcB became in I'Z m. carved into a vertical or sub-vertical J 
position, but in an extremely irregular manner ; some only oi 
Bide of the leaf and some on the other. They remained it 
pOHitton for some time; the tentacles with the hits of meat iii>t 
having at tirst moved more quickly or farther inwards than tbe 
others without meat. But after 2 hrs. 20 ra. tbe former began 
to move, and steadily went on bending until they reached the 
centre. Next morning, after 32 hrs., all tbe tentacles on these 
leaves were closely clasped over the meat which had been carried 
tfl their centres; whilst the vertical and aub-vertjcal tentacles on 
the other leaves to which no meat had been iriveii had fully " 
re-expanded. Judging, however, from the subsequent action off 
It weak solution of carlionate of ammonia an ono of these lattaev 
leaves, it had not perfectly recovered its excitability and pow«i. 1 
(if movement in 22 hrs. ; but another leaf, after an additional \ 
a hrs., had complclely recovered, judging from the ii 
which it clasped a fly placed on its disc. 

1 will give only ono other experiment. After the espoauro of J 
a p'.ant f<i> 2 hrs. to tbe gas, ono of its leaven was immersed in J 
ft racQcr strong solutian of carbonate of ammonia, ti^thcr with' j 
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these substances art' not poiaonous and have no power, 
or only a very alight one, of inducing inflection. It 
should, however, be obserred that curare, colchicine, 
and Toratrine are miiscle-poiaons — that is, aut on 
nerves having some special relation with the muscles, 
and, therefore, could not be expected tf) act on Drosera, 
The puison of the cobra is most deadly tu animals, 
by paralysing their nerve-centres,* yet is not in the 
least so to Drosei'a, though quickly causing strong 
inflection. 

Notwithstanding the foregoing facts, which show 
how widely difl'ercnt is the effect of certain sulratances 
on the health or life of animals and of Drosci'a, yet 
tliere exists a certain degree of parallelism in the 
action of certain other substances. We have seen that 
this holds good in a striking manner with the salts of 
sodium and potassium. Again, various metallic salts 
and acids, namely those of silver, mercury, gold, tin, 
arsenic, chromium, copper, and platina, most or all of 
which are highly poisonous to animals, are equally so 
to Drosera. But it is a singular fact that the chloride 
of lead and two salts of baritim were not poisonous to 
this plant. It is an equally strange fact, that, though 
acetic and propionic acids are highly poisonous, their 
ally, formic acid, is not so; and that, whilst certain 
vegetable acids, namely oxalic, benzoic, &c,, are 
poisonous in a high flegree, gallic, tannic, tartaric, and 
malic (all diluted to an equal degree) are not bo. 
Malic acid induces inflection, whilst the three other 
just named vegetable acids have nu such power. But 
a phaniiacopojia would be requisite to describe the 
diversified effects of various sulwttaiicoa on Drosera-t 
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or tlic alkuloidt) and their salts which weie tried, 
■eveml had not thu Iwiat power uf iiidiiciug inflfclion ; 
others, which were certaitdy ulsorbed, as shown by tlie 
changed colour of the glands, had but a very mode- 
Tate (Mjwer of this kind; others, again, such as the 
scelate of tjuiniuo and digitaline, caused strong in- 
flection. 

The several substttnces mentioned in this chapter 
affect the colour of the glan<is very differently. These 
often become dark at iirst, and then very pale or 
white, as was conajiicuously the case with glands 
subjected to the poison of the eobra and citrate of 
atryehnine. In other cases they are from the first 
rendered white, as with leaves placed in hot water and 
several acids ; and this, I presume, is the result of the 
eoogulation of the albumen. On the same leaf some 
glands become white and others dark-col our e<l, as 
occurred with leaves in a solution of the sulphate of 
quinine, and in the vapour of alcohol. Prolonged im- 
mersion in nicotine, curare, and even water, blackens 
the glands; and this, I believe, is due to the aggre- 
gation of the protoplasm within their cells. Yet 
cnrare caused very little aggregation in the cells of 
the tentacles, whereas nicotine and sulphate of quinine 
induced strongly marked aggregation down their 
bases. The aggregated masses in leaves which had 
been immersed for 3 hrs. 15 m. in a saturated solu- 
tion of sulphate of quinine exhibited incessant 



U U rcmarimlili) thiit Dr. RonBom 
iTliiloHipli. Tranaiwt.' Iwi7, p. 
4S0). whn au-d much Btr.tnKer 
Bolillions -if thcBc t.»l>*tuii.i'» tl.iin 
I dU. .UlM"1)i,.t (111- tlivllii.iio 
oontraclilitv of llit v"lk (nf tlie 
ova of the pik-.-) is ii'il miiUTiuUy 
faifluenowl bjf liny nf lliu iM.iwuw 
BMd. whkb did nul act cliL'iui- 



Rillj, witli the eioeptioii of clilniD- 
fnnii anil curbonio acid." t llnd 
it »tiil(4j lij- wv ' ■ 




f 226 



DROSERA ROTCNDIFOLIA. 



I 



I 



B m 



changes of form, but after 24 bra. were niotiouleas; 
tbe leaf being fiacciil anel apparently dead. On tbe 
other hand, with leaves subjected for 48 hrs. to a 
strong solution of thu poison of the cobra, tbe proto- 
plasmic masses were unusually active, whilst with 
the higher animals the vibratile cilia and white 
corpuscles of tbe blood aoem to be quickly paralysed 
by this substance. 

With tbe suits of alkalies and earths, the nature of 
the base, and not that of the acid, determines theit 
physiological action on Drosera, as is likewise tbe case 
with animals ; but this rule hanlly applies to the salts 
of quinine and strychnine, for tbe acetate of quinine 
causes much more inflection than the sulphate, and 
both are poisonous, whereas the nitrate of quinine is 
not poisonous, and induces inllection at a much slower 
rate than the Eicetate. The action of the citrate of 
strychnine is also somewhat difiercut from that of the 
sulphate. 

Leaves which have been immersed for 24 hrs. in 
water, and for only 20 m. in diluted alcohol, or in a 
weak solution of sugar, are afterwards acted on very 
slowly, or not at all, by the phosphate of ammonia, 
though they are quickly acted on by the carbonate. 
Immersion for 20 m. in a solution of gum arable has 
no such inhibitory power. The solutions of certain 
salts and acids affect tbe leaves, with respect to the 
subsequent action of the phosphate, exactly like water, 
whilst others allow the pbospbuto afterwords to act 
quickly anil energetically. In this latter case, the 
interstices of the cell-walls may have been blocked up 
by the molecules of the salts first given in solution, 
go that water couhi not afterwards enter, though the 
molecules of the phosphate could do s;i, and those of 
the carbonate still more easily. 
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The octiun of camphor dissolved iu water is remaik- 
able, for it not only soon induces inflection, bul 
apparently renders the glands extremely sensitive to 
mechanical irritation ; for if they are brushed with a 
8uft brneli, after being inimer^Hl in the solution for 
a short time, the t^jntacles begin to bentl in about 
2 ni. It may, howeTer, be that the brushing, 
though not a suflicient stimulus by itself, tends ti> 
excite movement merely by reinforcing the diretft 
action of the camphor. The vapour of eumphor, on 
the other hand, serves as a narcotic. 

Some essential oils, both in solution and in vapour, 
eanse rapid inflection, others have no such power; 
those which I tried were all poisonous. 

Diluted alcohol (one part to seven of water) is not 
poisonous, docs not induce inflection, nor increase the 
Bensitivcness of the glands to mechanical irritation. 
The vapour acts as a narcotic or anccsthetic, and long 
exposure to it kills the leaves. 

The vapours of chloroform, sulphuric and nitric 
ether, act in a singularly variable manner on different 
leaves, and on the several tentacles of the same leaf. 
This, I suppose, is owing to differences in the age or 
constitution of the leaves, and to whether certain 
tentacles have lately been in action. That these 
vapours are absorbed by the glands is shown by their 
changed colour ; but as other plant-s not furnished 
with glands are affected by these vapours, it is 
probable that they are likewise absorbed by the st«- 
mata of Drosera. They sometimes excite extraordi- 
narily rapid inflection, but this is not an invariable 
result. If allowed to act for even a modemtely long 
time, they kill the leaves ; whilst a small dose acting 
for only a short time serves as a narcotic or aniesthetic. 
In this case the tentacles, whether or not tiiey ha' 
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become inflected, are uot excited to further move- 
nieut by bits of meat placed on tbe glands, until 
wirae considerable time has elapsud. It is generally 
believed that with animals and plants these vapours 
act by arresting oxidation. 

Exposure to carbonic acid for 2 bra., and in one case 
for only 45 m., likewise rendered the glands insensible 
for a time to the powerful stimuins of raw meat. The 
leaves, however, recovered their full powers, and did 
uot seem in the least injured, on being left in the 
air for 24 or 48 bra. We have seen in tbe third 
chapter that the process of aggregation in leaves aub- 
jected for two hours to this gtia and then immersed in 
a solution of the carbonate of aminouia is much re- 
tarded, 80 that a considerable time elapses before the 
protoplasm in tbe lower cells of the tentacles becomes 
aggregated. In some cases, soon after the leaves were 
removed from tbe gas and brought into the air, the 
tentacles moved spontaneously ; this being due, I pre- 
sume, to the excitement from the acceaa of oxygen. 
These inflected tentacles, however, could not be ex- 
cited for some time afterwards to any further move- 
ment by their glands being stimulated. With otbet 
irritable plants it is known ■ that the exclusion of 
oxygeu prevents their moving, and arrests the move- 
ments of tbe protoplasm within their cells, but this 
arrest is a diil'erent phenomenon from the retardation 
of the process of aggregation just alluded to. M'hetber 
tliis latter fact ought to be attributed to the direct 
action of the carbonic acid, or to tbe exclusion of 
oxygen, I know not. 
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liliiiKix niul summltc *r tbo tentuolcR ainnts Bcnntlvc — Tnin*miaakiti 
uC Ilio motor utipulw donii the peiliivis of thu teutacles. nlul 
ncrosa the bUulo of the Iinf— Aggre^tion of the protopUunn, 
n rellex nctiim ^ FJml diiwiiiirKo or the motor impulae sudileii — 
Uirootton uf llie luovpinvnta of th» tetitui'Ics — Motor impulm 
tranamitted tbroUKh tht- oellnlnr tiiutue — UocIinoudi of the move- 
menta — Nature of tlio moUa iinpulBC — Be-cxpuiuioa of the ten- 

We have seen in the previous chapters that many 
widely diflferent stiitiuhvnts, mechanicul and chemical, 
excite the movement of the tentacles, as well aa of the 
blade of the leuf; and we must now consider, firstly, 
what are the |M)ints which are irritable or sensitive, 
and secondly how the motor impulse is transmitted 
from one ]>oint to another. The glands are almost 
exclusively the seat of irritability, yet this irritability 
must extend for a very short distance below them ; 
for when they were cut off with a sharp pair of 
scissors without being themselves touched, the ten- 
tacles often became inflected. These hearlless ten- 
tacles frequently re-expanded ; and when al't^rwards 
drops of the two most powerful known stimulants were 
placed on the cut-off ends, no effect was produced. 
Nevertheless these headless tentacles are capable of 
subsequent inflection if excited by an impulse sent 
from the disc, I succeeded on several occasions in 
crushing glands between £ne pincers, but this did 
not excite any movement ; nor did raw meat and salts 
of ammonia, whtu placed on such crushed glands. 
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It ia probable (bat tbey were killed so instiiutly that 
tbey were not able to trausmit any inutor iiujiulse; for 
in sis olwervofl cases (in two of wliich buwever the 
gland was quite pinched ofif) the proti>p]asin witbin 
tlie pells of the tentacles did not become aggregated ; 
whereas in some adjoining tentacles, which were 
inflectefl from having been tonghly tttucbed by the 
pincers, it wiiS well aggregated. In like manner the 
protoplasm does not become aggregated when a leaf ia 
instantly killed by being dipped into boiling water. 
On the other hand, in several cases in which tentacles 
became inflected after their glands had been cnt off 
with sharp scisaore, a distinct though moderate degree 
of aggregation supervened. 

The pedicels of the tentacles were ronghly and re- 
peatedly rubbed; raw meat or other txciting sub- 
stances were placed on them, Iwth on the upper 
surface near the base and elsewhere, but no dis- 
tinct movement ensued. Some bits of meat, after 
being left for a considerable time on the pedicels, i 
were pushed upwards, so as just to touch the glands, i 
and in a minute the tentacles began to bend. I 
believe that the blade of the leaf is not sensitive to 
any stimulant. I drove the ptiint of a lancet through 
the blades of several leaves, and a needle three or four 
times through nineteen leaves : in the former case 
no movement ensued ; but about a dozen of the leaves 
whicli were repeatedly pricked had a few tentacles 
irregularly inflected. As, however, their backs had 
to be supported <lnring the operation, some of the 
outer glands, as well as those on the disc, may have 
been touched; and this perhaps sufficed to vAaee the 
Blight degree of movement olserved. Nitschke* saya 

■ 'Hot. Zidtuug,' 18ti0, p. 234. 
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thftt cutting and prifking the leaf does not exoito 
movemeat. The petiule of the leaf is quite insensible. 

The backs of the leiivcB ln^ar numerotis minute 
pa[iillie, which do mit seerele, but have the power of 
uljsorption. These jupilla; are, I believe, rudiments 
of formerly existing tentacles together with their 
glands. Many experiments were luade to ascertain 
whether the backs of the leaves could bo irritated in 
any way, thirty-seven leaves being thus tried. Some 
were rubbed tor a long time with a blunt neodle, 
and drops of milk and other exciting fluids, raw 
meat, crushed flies, and various substances, placed on 
others. These subalauces were apt soon to become 
dry, showing that no secretion had been excited. 
Hence I moistened them with saliva, solutions of 
ammonia, weak hydrochloric acid, and frequently with 
the secretion from the glands of other leaves. I 
also kept some leaves, on tlie backs of which exciting 
objects had been placed, under a damp bell-glass; but 
with all my care I never saw any true movement, I 
was led to make so many trials because, contrary to 
my previous experience, Nitschke states* that, after 
affixing objects to the backs of leaves by the aid of 
the viscid secretion, he repeatedli/ saw the tentacles 
(and in one instance the blade) become reflexed. 
This movement, if a true one, would be most ano- 
malous ; for it implies that the tentacles receive a 
motor impulse from an unnatural source, and have 
the power of bending in a direction exactly the 
reverse of that which is habitual to them; this power 
not being of the least use to the plant, as insects 
eanuot adhere to the smooth backs of the leaves. 

1 have said that no efiect was produced iii the above 

• ' Bot ZeituDg,' I860, p, 437, 
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; but this is not strictly true, for in three in* . 
Blaucea a little syrup waa added to the bits of raw 
ment on the backs of leaves, in order to keep thera 
damp for a time ; and after 36 lirs. tliere was a trace < 
of reflexion in the tentacles of one leaf, and cer- I 
tainly in the blade of another. After twelve addi- 
tional hours, the glands began to dry, and all three 
leaves seemed much injured. Four leaves were thei 
placed under a bell-glass, with their footstalks ir 
water, with drops of syrup on their backs, but without 
any meat. Two of these leaves, after a day, had a few 
tentacles reflexed. The drops had now increased con- 
siderably in size, from having imbibed moisture, bo 
as to trickle down the backs of the tentacles and 
footstalks. On the second day, one leaf had its 
blade much refiexed ; on the third day the tentades 
of two were ranch reflexed, as well as the blades of 
all four to a great^jr or less degree. The upper side 
of one leaf, instead of being, as at first, slightly 
concave, now presented a strong convexity upwards. 
Even on the fifth day the leaves did not appear dead. 
Now, as sugar does not in the least excite Droaen^ I 
we may safely attribute the reflexion of the blades I 
and tentacles of the above leaves to exosmose from ] 
the cells which were in contact with the syrup, and 
their consequent contraction. When drops of syrup j 
are placed on the leaves of plants with their roots still \ 
in damp earth, no inflection ensues, for the roots, no I 
doubt, pump up water as quickly as it is lost by I 
exosmose. But if cut-off leaves are immersed in ] 
syrup, or in any dense fluid, the tentacles are greatly, 
though irregularly, inflected, some of them assuming 
the shape of corksi-rews ; and the leaves soon hocomb 
flaccid. If they are now immersed in a fluid of low ! 
specific gravity, the tentacles re-expand. From theM ] 
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facts we may conclude that drops of ayrup placed on 
the backs ut leaves do not act by exciting a motor 
impulse which ia transmitted to the tentacles ; but 
that they cause reflexion by inducing esosmose. 
Dr. Nitsohke used the secretion fur sticking insects 
to the bai'ks of the leaves ; and I suppose that he 
used a large, quantity, which from being denso pro- 
bably caused exosmose. Perhaps he esperimented on 
cutoff leaves, or on plauts with their roots not supplied 
with enough water. 

As far, therefore, as our present knowledge serves, 
we may conclude that the glands, together with the 
immediately underlying cells of the tentacles, are 
the exclusive seats of that irritability or sensitiveness 
with which the leaves are endowed. The degree to 
which a gland is excited can be measured only by 
the number of the surrounding tcntucles which are in- 
flected, and by the amount and rate of their move- 
ment. Equally vigorous leaves, exposed to the same 
temperature (and this is un important condition), 
are excited in different degrees under the following 
circumstances, A minute quantity of a weak solu- 
tion produces no effect ; add more, or give a rather 
stronger solution, and the tentacles bend. Touch 
s gland once or twice, and no movement follows ; 
touch it three or four times, and the tentacle becomes 
inflecte<l. But the nature of the substance which is 
given is a very important element: if equal-sized par- 
ticles of glass (which acts only mechanically), o( 
gelatine, and raw meat, are placed on the discs ot 
several leaves, the meat causes far more rapid, ener- 
getic, and widely extended movement thau the two 
former substances. The number of glands which are 
excited also makes a great difierenoe in the result : 
place a bit of meat un one or two of the disca) 
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glands, and only a few of the immediately snrronnd- 
ing siiort tentacles are inflected ; place it on several 
glanda, and many more are acted on; place it on 
tliirty or forty, and all the tentacles, including tho 
extreme marginal ones, become closely inflected. We 
thus see that the impulses proceeding from a number 
of glands strengthen one another, spread farther, and 
act on a larger number of tentacles, than the im- 
pulse from any single gland. 

Transmission of the Motor Impulse. — In every case 
the impulse from a gland has to travel for at least 
a short distance to the basal part of the tentacle, 
the upper part and the gland itself being merely 
carried by the inflection of the lower part The 
impulse is thus always transmitted down nearly 
the whole length of the pedicel. When the central 
glands are stimulated, and the extreme marginal ten- 
tacles become inflected, the impulse is transmitted 
across half the diameter of the disc ; and when the 
glands on one side of the disc are stimulated, the 
impulse is transmitted across nearly the whole width 
of the disc. A gland transmits its motor impulse 
far more easily and quickly down its own tentacle 
to the bending place than across the disc to neigh- 
bouring tentacles. Thus a minute dose of a very 
weak solution of ammonia, if given to one uf the 
glands of the exterior tentacles, causes it to bend and 
^^ reach the centre ; whereas a large drop of the same 

^M solution, given to a score of glands on the disc, will 

^1 not cause through their combined influence the least 

^M inflection of the exterior tentacles. Again, when a 

^M bit of meat is placed on the gland of an exteriof 

^P tentacle, I have seen movement in ten seconds, and 

^^E repeatedly within a minute; but a much larger bit 

^^B placed on several glands on the disc does not cauN 
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the exterior tentacles to bend until half an hour or 
even several hours have elapsed. 

The motor impulse spreads gradually on all sides 
from one or more excited glands, so that the ten- 
tacles which stand nearest are always first affected. 
Hence, when the glands in the centre of the disc 
are excited, the extreme marginal tentacles are the 
last inflected. But the glands on different parts of 
the leaf transmit their motor power in a somewhat 
different manner. If a bit of meat be placed on 
the long-beaded gland of a marginal tentacle, it 
quickly transmits an impulse to its own bending 
portion ; but never, as far as I have observed, to the 
adjoining tentacles ; fur these are not affected until 
the meat has been carried to the central glands, 
which then radiate forth tbeir conjoint impulse on alt 
eides. On four occasions leaves were prepared by 
removing some days previously all the glands from 
the centre, so that these could not be excited by 
the bits of meat brought to them by the inflection of 
the marginal tentacles; and now these marginal ten- 
tacles re-expanded after a time without any other 
tentacle being aflected. Other leaves were similarly 
prepared, and bits of meat were placed on the 
glands of two tentacles in the third row from the out- 
side, and on the glands of two teutacles in the fifth 

V. In these four cases the impulse was sent 
in the first place laterally, that is, in tlic same 
concentric row of teutacles, and then towards the 
centre; but not ceutrifugally, or towards the ex- 
terior tentacles. In one. of these case^ only a single 
tentacle on each side of the one with meat was 
affected. In the three other cases, from half a dozen 
to a dozen tentacles, both luterally and towards the 
oentre, were well inflected or sub-infiectcd. Liiatly, in 
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ten other experiments, minute bits of meat were placeo( \ 
on a single gland or on two gluuds in the centre of tli& 
dise. In order that no other glands should touch W 
the meat, through the inflection of the closely adjoin- ;j 
ing short tentacles, about half a dozen glands had ' 
been previously removed round the selected ones. On . 
eight of these leaves from sixteen to twenty-live of the ' 
short surrounding tentacles were inflected in the course i 
of one or two days ; so that the motor impulse radiat- 
ing from ona or two of the discal glands is able to 
produce this miich effect. The tentacles which had 
been removed are included in the above numbers ; 
from standing so close, they would certainly have beeu J 
affected. On the two remaining leaves, almost all the J 
short tentacles on the disc were inflected. With i 
more powerful stimulus than meat, namely a little ] 
phosphate of lime moistened with saliva, I have seen i 
the inflection spread still farther from a single gland } 
thus treated ; but even in this case the three or font | 
outer rows of teutjicles were not affected. From these | 
experiments it appears that the impulse from a single 1 
gland on the disc acts on a greater number of ten- 
tacles than that from a gland of one of the exterior 1 
elongated tentacles; and this probably follows, 
least in part, from the impulse having to travel a very , 
short distance down the pedicels of the central ten- I 
tarles, so that it is able to spread to a considerable I 
distance all round. 

Whilst examining these leaves, I was stnick with the J 
fact that in six, perhaps seven, of them the tentacles I 
were much more inflected at the distal and proxi- 
mal ends of the leaf (i. e. towards the apex and base) j 
than on either side; and yet the tentacles un the sides j 
stood as near to the gland where the bit of meat lay I 
HS did those at the two ends. It thus appeared . 
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if the motor impulse woa triinsniitte'I from the wntre 
ftcroea the disc more rcarlily in a longitudinal than 
in a transverse direction ; and lis this appeared a 
new and interestiug fact in the phyaiology of plants, 
thirty-five fresh esperimenta were made to test its 
truth. Minute bits of moat were placed ou a single 
gland or on a few glands, on the right or left side of 
the discs of eighteen leaves ; other bits of the same 
Bize being placed uu the distal or proximal ends of 
seventeen other leaves. Now if the motor impulse 
were transmitted with equal force or at an equal rate 
through the blade in all directions, a bit of meat 
placed at one side or at one end of the disc ought to 
affect equally all the tentacles situated at an equal 
distance from it; but this cortainly is not the case. 
Before giving the general results, it may l>e well to 
describe three or four rather unusual cases. 



(1) A Tniniite fcsgnient of a fij* was placed on ono side of the 
diac, and after 32 m. seveu of tlie outer tentacles near tbe frag' 
ment were infleuted ; after 10 hrs. several more bccaniB so, and 
after 23 hrs. a, litill greater numlier; and now the tilade of the 
leaf OS this aide was bent Inwards ho an to stand np at ri^^ht 
angles to the other side. Neither tlie hiatle of the leaf nor a 
ni^le tentacle on the opposite Kide was affected ; the line of 
separation bctwi.'eii the two halves eit«nding from the footstalk 
to the apex. The leaf remained in this state for tbrei- dajs, 
and on the fourth day hogan to re-expand; not a single ten- 
tacle having been inflected on the opposite aide. 

(2) 1 will here give a case not included in the above thirlj- 
fiVB experiment.1. A Kniall Hy was found odhering by its feet to 
the left side of the disc. The tentacles on this side soon closed 
in and killed the fly ; and owing prolwtbly to its struggle whilst 
■live, the leaf was so much excited that in about 24 hra. all the 
ttmtocles on the opposite side became inflected ; but as they 
found no pcuy, fur their glands did not reach the fly, l~ 
ex|HUidiKl in the course of 15 hra. ; the tentacles on tiie left side 
roniainiag clas[>yd for several days. 

(3) A bit of muiit, rather larger than tliorc eoinmoiiij v 
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wag pkced in a medial liae at the basal enH of tlie disc, near 
the footstalk; after 2 hi'B. 30 m. some n<?ighliouring teDtacIca 
were inflected ; after 6 lirs. Ihe tontnclea on both sides of tha 
footstalk, aod some way up 1<oth sides, were moderatel; in- 
flected; afttr 8 bre. the tentoclos at the further or distal end 
were more inflected than thoxu on either side; after 23 hm. 
tlie meat was well clasped by all the tentacles, eicepting by tho 
exterior ones on tho two sideH. 

(4J Another bit of meat vaa placed at the opposite or distal 
end of another leaf, with exactly the same relative rosalts. 

(5) A minute bit of meat was placed on one side of the disc; 
next day the neighbouring short tentacles were inflected, as 
well as in a slight degree three or four on the opposite side 
near the footstalk. On the second day these latter tentacles 
showed signs of re-expouding, so 1 added a fre«h bit of moat 
at nearly the same spot, and after two days some of the short 
tentacles on the oppusil* side of the disc were inflected. Aa 
Boon 05 these began to re-expand, 1 addod another bit of meat, 
and next day all the tentacles on the opposite side of the diso 
wore inflect^ towards tho meat ; whereas we have seen that 
those on the some aide were affected by tha first bit of meat 
which was given. 



Now for the general results. Of the eighteen leaves 
on which bits of meat wera placed on the right 
or left sides of the disc, eight had a vast number of 
tentacles inflected on the same side, and in four of 
them the blade itself on this aide was likewise in- 
flected; whereas not a siugie tentacle nor the blade 
was affected on the opposite aide. These leaves pre- 
sented a very curious api>earance, as if only the in- 
flected side was active, and the other paralysed. In the . 
remaining ten cases, a few tentaeles became inflected 
beyond the medial line, on the side opposite to that ' 
where the meat lay ; but, in some of these cases, only " 
at the pnisimal or distal ends of the leaves. The 
inflection on the opposite side always occurred con- 
siderably after that on the same side, and in one in- 
stance not until the I'unrth day. \Vc huvi! a,\m< si^en 
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with No. 5 that liita of meat had tti W' added thrice 
before all the short tentaclea on the opiwuito side of 
the disc were inflected. 

The result was wiilely ditfert^ut when bits of moRt 
were placed in a medial lioe at the distjil or proximal 
ends of the disc. In three of the seventeen experi- 
ments thus miutc, owing either to the state of the leaf 
or to the smallness of the bit of meat, only the im- 
mediately adjoining tentJicles were affected ; but in the 
other fourteen cases the tentacles at the opposite end 
of the leaf were inflected, though these were as distant 
from where the meat lay as were those on one side of 
the disc trom the meat on the opposite side. In some 
of the present cases the tentacles on the sides were not 
at all affecteil, or in a less degree, or after a longer 
interval of time, than those at the opposite end. One 
Bet of experiments is worth giving in fuller detail. 
Cubes of meat, not quite so sinall as those usually em- 
ployed, were placed on one side of the discs of four 
leaves, and cubes of the same size at the praximal 
or distal end of four other leaves. Now, when these 
two seta of leaves were compared after an interval of 
24 hra., they presented a striking difference. Those 
having the cubes on one side were very slightly 
affected on the opposite side ; whereas those with the 
cabes at either end bad almost every tentacle at the 
opposite end, even the marginal ones, closely in- 
flected. After 48 hrs, the contrast in the state of the 
two sets was still great ; yet those with the meat on 
one side now had their discal and submarginal ten- 
tacles on the opposite side somewhat inflected, this 
being due to thu large size of the cubes. Finally we 
may conclude from these thirty-five experiments, not 
to mention the six or seven previous ones, that the 
motor impure is tmnsmitted from any single gland 
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or small group of glanda through the b ude to the 
other teiit.£u;les more readily and efl'ectuaily in a 
longitudiiial than iu a transverse dtreetiiiii. 

As long as the glands remain excited, and this may 
last for mauy daya, even lor eleven, iis when in oontuct 
with phosphate of lime, they continue to transmit a 
motor impulse to the basal and beuding parts of theit 
own pedicels, for otherwise they would re-expand. The 
great difference in the length of time during which 
tentacles remain inflected over inorganic objects, and 
over objects of the same size containing soluble nitro- 
genous matter, proves the same fact. But the intensity 
of the impulse transmitted from an excited gland, 
which bus begun to ponr forth its acid secretion and 
is at the same time absorbing, seems to be very small 
compared Hitli that which it transmits when first ex- 
cited. Thus, when moderately large bits of meat were 
phiced on one side of the disc, and the discal and sub- 
marginal tentacles on the opposite side became in- 
flected, so that their gluuds at lust touched the meat 
and absorbed matter from it, they did not transmit 
any motor influence to the exterior rows of tentacles 
on the same aide, for these never became inflected. 
If, however, meat had been placed on the glands ot 
these same tentacles before they had begun to secrete 
copiously and to absorb, they undoubtedly would have 
affected the exterior rows. Nevertheless, when I gave 
some phosphate of lime, which is a most powerful 
stimulant, to several submarginal tentacles already 
considerably inflected, but not yet in contact with 
some phosphate previously placed on two glands in the 
w-ntre of the disc, the exterior tentacles on the same 
side were acted on. 

When a gland 's first excited, the motor impulse is 
discharged within a f-^w seconds, as we know from t^e 
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Wnding of the tentacle; and it appears to bo ilia- 
chiuged at firat with muoh greater force than aft«i^ 
n-nrdd. Thus, in the ease aboye given of a small lly 
nattimlly caught by a few glands on one aide of a leaf, 
an imimtae was slowly transmitted from them atiVHis 
tUe whole breadth of the leaf, causing the opposite 
tentacles to be temporarily inflected, but the glands 
which reniainod in contact with tlie insect, though 
they continued for several days to send an impulse 
down their own pedicels to the bonding place, did 
not pri'vont the tentacles on the opposite side from 
quickly re-expanding ; so that the motor dist-harge 
miist at first have been more powerful than afterwards. 
When an object of any kind is pliw^ed on the dis(^ 
and the surrounding tentacles are indected, their 
glands secrete more copiously and the secretion 
becomes acid, so that some influence is sent to 
them from the discal glands. This change in the 
nature and amount of the secretion cannot depend 
on the bending of the tentacles, as the glands of the 
short central tentacles secrete acid when an object is 
placed on them, though they do not themselves bend. 
Therefore 1 inferred that the glands of the disc sent 
some influence up the surrounding tentacles to their 
glands, and that these reflected back a mot^jr impulsu 
to their basal parts ; but this view wjis soon proved 
erroneous. It was f<mnd by many trials that tentacles 
with their glands closely cut oflf by sharp scissors 
often become inflected and again re-expand, still 
appearing healthy. One which was observed con- 
tinued healthy for ten days after the operation. I 
therefore cut the glands off twenty-live tentacles, 
at different times and on difi'erent leaves, and seven- 
teen of these soon became inflected, and afterwards 
M-expanded. The re-e?:piiiision commenced in about 




uis samt) iHuves; luiu uii mj^uiii m 
became inflected after three adilitioi 
meat was removed from one of these 
surface washed with a little stream of 
thi-ee days the headless tentacle re-ej 
aeeond time. These tentacles without gl 
ever, in a different state from those provi 
and which bad absorbed matter from t) 
protoplasm within the cells of tlie fon 
gone far less aggregation. From th( 
with headless tentacles it is certain 1 
do not, as far as the motor impuUe is ci 
a reflex manner like the nerve-ganglia 
Bnt there is anotlier action, namely 
tiou, which in certain cases may be a 
it is the only known instance in the 
dom. We should bear in mind that t 
not depend on the previous bending c 
as we clearly see when leaves are imio 
strong Bulntions. Nor does it depen 
secretion from the glands, and this is al 
facts, more especially by the papillae 
secrete, yet undergoing aggregation, if 
of ammonuL or an infusion of mw meat. 
is diri'i'tly stimulated in any way, as by 
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UiHt is, if the etuiiiiliis has l>ei.'Q sufficient aiiJ not 
injurious. Now, wLen flie glumls of the disc iire 
excite<l, the exterior tpntucK's ure iiffK'tfil in exuctiy 
the same manner: the aRgrt'gati'm alwaya com- 
nieiices in their glands, though thcite have not Ih-cd 
directly excited, but have only received aonie inilu- 
ence from the disc, as sIiohu by their increased auid 
secretion. The protoplasm within the cbIIh immedi- 
ately beneath the glands are next altected, and so 
down ward a from cell to cell to the l)asea of the 
tentacles. This process apparently deserves to be 
called a reflex action, in the same manner as when a 
sensory nerve is irritated, and carries an inipressioa 
to a ganglion which sends back some influence to a 
muscle or gland, causing movement or increased 
secretion ; but the action in the two cases is probably 
of a widely different nature. After the protoplasm in a 
tentacle has been aggregated, its redissolution always 
begins in the lower part, and slowly travels up the 
pedicel to the gland, so that the protoplasm lust 
aggregated is first redissolved. This probably depends 
merely on the protoplasm being less and less aggre- 
gated, lower and lower down in the tentacles, as can 
be seen plainly when the excitement has been slight. 
As soon, therefore, as the aggregating action altogether 
Teases, redissoliition naturally commences in the less 
strongly aggregated matter in the lowest part of the 
tentacle, and is there first completed. 

Direction ofihe Inflefied Tentacles. — When a particle 
of any kind is placed on the gland of one of the outer 
tijntacles, this invariably moves towards the centre of 
the leaf; and so it is with all the tentacles of a leaf 
immersed in any exciting fluid. The glands of the 
exterior tentacles then form a ring round the middle 
part of the disc, as shown in a previous figure (fig. 4. 
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p. 10). The short tentoules witllin this ring still 
rtitain their vertical position, as they likewise du whrai 
a large object is pla<;ed on their <;lauds, or when an 
insect is caught by them. In this latter cose we can 
see that the intlection of the short central tentaf.'le9 
would be useless, as their glands are already in con- 
tact with their prey. 

The result is very different when a single gland on 
one side of the disc is excited, or a few in a group. 
These send an impulse to ■ 
the aiirhmnding teutaclea, 
which do not now bend ' 
towards the centre of the 
Ji'Hf, but to the point I 
of excitement. We owe 
' this cjipitiil observation to 
Nitschiie,* and since read- 
ing his pajier a few years 
ago, I have repeatedly 
verified it. If a minute bit 
of meat be placed by the 
aid of a needle on a single ' 
gland, or on three or four i 
together, halfway between , 
the centre and the circum- 
i.' j:^j - ferenoe of the disc, the < 

u»r(»iin!~i)wtihi)H>trnuriniinii'xi>d dlreetenl movement of thd j 
ih"i'.i!" " '"""' ™ ™' " surrounding tentacle6 ii 
well exhibited. An accu- 
rate drawing of a leaf with meat in this position ii 
here reproduced (lig. 10), and we see the tentacles, in- 
cluding some of the exterior ones, accurately directed I 
\a the poiui where the meat lay. But a much bettei ^ 
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plan is to place a particle of the phosphate of lime 
moistened with siiliva on a single ghtnd un one side 
of the dise of a large leaf, and another jiartiiile on a 
aJDcle gland on the op|Hjaite side. In four sileh 
trials the exeitcineiit \ms not HutScient to afTct't the 
onter tentacles, hut all those near the two poinia 
were directed to them, so that two wheels were formed 
on the disc of the same leaf; the pedicels of the 
tentacles forming the apukes, and the glaiKls nnited 
in a mass over the phosphate representing the axles. 
The precision with which each tentacle pointed to 
the particle was wonderful ; so that in some cases I 
could detect no deviation from perfect accuracy. 
Thus, although the short tentacles in the middle of 
the disc do not bend when their glands are excited 
in a direct manner, yet if they receive a motor impulse 
from a point on one side, they direct themselves to the 
point equally well with the tentacles on the. borders of 
the disc. 

In these experiments, some of the short tentacle-s on 
the disc, which wouhl have been directed to the centre, 
had the leaf been immersed in an exciting fluid, were 
now inflected in an e.tactly opposite direction, viz. 
towards the circumference. These tentacles, therefore, 
had deviated as much as 180° from the direction which 
they would have assumed if their own glands had 
been stimulated, and which may be considered as the 
normal one. Between this, the greatest possible and no 
deviation from the normal direction, every degree could 
be observed in the tentacles on these several leaves. 
Notwithstanding the precision with which the tentacles - 
generally were directed, those near the circumference 
of one leaf were not accurately directed towards some 
phosphate of liiae at a rather distant point on the 
opposite side of the disc. It appeared as if th< 
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iuipnlse in passing transversely across nearly tiu ■] 
wliule width of the disc had departed somewhat from * 
a true course. This accords with what we have I 
already seen of the impulse travelling less readily in J 
a transverse than in a longitudinal direetioii. In ' 
some other eases, the exterior tent^des ditl not sc 
fapable of aufh aceurate movement as the shorter ■" 
aud more central ones. 

Nothing coukl be more striking than the appear- 
ance of the above four leaves, each with their ten- > 
taclea poiuting truly to the two little masses of the' 
ph(«phate on their discs. We might ini^ine that n 
were looking at a luwly organised auimal seizing prey i 
with its arms. In the case of Drosera the explaoation 
of this accurate power of movement, no doubt, lies in 
the motor impulse radiating in all directions, and 
whichever side of a tentacle it first strikes, that side 
contracts, and the tentacle consequently bends towards < 
the point of excitement. The pedicels fif the tentacles 
are flattened, or elliptic in section. Near the bases of ' 
the short central tentacles, the flattened or broad face 
is formed of about five longitudinal rows of cells ; in 
the outer tentacles of the disc it consists of about six 
or seven rows; and in the extreme marginal tentacles 
of above a dozen rows. As the flattened bases are 
thus formed of only a few rows of cells, the precisiijn 
of the movements of the tentacles is the more remark- 
able ; for when the motor impulse strikes the base of | 
a tentacle in a very oblique direction relatively to its 
broad face, scarcely more than one or two cells towarda 
ime end can be afl'ected at fii-st, and the contraction 
of these cells must draw the whole tentacle into the 
proper direction. It is, perhaps, owing to the exterior 
pedicels being much flattened that they do not bead 
qoite so accurately to the point of excitement as the 
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more central ones. The properly directed movement 
of the tentuL'les is not tin unique cuse in the vegetable 
kiugduni, for tlie tendrils of many plants curve to- 
wards the side which ia touched ; but the cose of 
Drosera is &r more interesting, as here the tentacles 
are not directly excited, but nsceive an impulse Irom 
a distant point; nevertheless, they bend accurately 
towards this pivint. 

On the Nature of the Tissues ihrmigh which the Motor 
Impvhe is Transmitted. — It will be necessary first 
to descrilje briefly the 
course of the main tibro- 
vasoular bundles. These 
are shown in the accom- 
panying skett'h (fig, 11) 
of a small leaf. Little 
vessels from the neigh- 
bouring bundles enter 
alt the many tentacles 
with which the surface 
ie studded ; but these 
are not liere represented. 
The central trunk, which 
runs up the footstalk, 
bifurcates near the centre 
of the leaf, each branch 'm- "- 

bifnrcaling again and {Oti>-™ ™i.ndtw^) 

again according to the T.s.uu.riiKurini.8qi.iiiBj. 

size of the leaf. This 

central trunk stands off, low down on each sidi 
delicate branch, »vhicb may be cidled the sublatemi 
branch. There is also, on each sidi-, u main lateral 
branch or bundle, which bifurcates in the same 
manner as the others. Bifurcation dues not imply 
tliat aipy single vcs.^el divides, hut that a bundle 
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divides into two. By looking to either side of tha 
leaf, it will be aoen that a briinch from the great 
central bifurcation iuosculntes with a branch from the 
lateral bundle, and that tbero is a smaller inoscu- 
lation between the two chief branches of the lateral 
bundle. The course of the vessels is very complex 
at the larger inosculation ; and here vessels, retain- 
ing the same diameter, are often formed by the 
union of the bluntly pointed ends of two vessels, 
but whether these points open into each other by 
their attached surfaees, I do not know. By means 
of the two inosculations all the vessels on the 
same side of the leaf are brought into some sort of 
connection. Near the circumference of the larger 
leaves the bifurcating branches also come into close 
union, and then separate again, forming a continuous 
rigzag lin*^ of vessels round the whole circumference, 
But the union of the vessels in this zigzag line seems 
to be much less intimate than at the main inoscula- 
tion. It should be added that the course of the 
vessels differs somewhat in different leaves, and even 
on opposite sides of the same leaf, but the main 
inosculation is always present. 

Now in my tirst experiments with bits of meat 
placed on one side of the disc, it ao happened that not 
a single tentacle was inflected on the opposite side ; 
and when I saw that the vessels on the same side were 
all connected together by the two inosculations, whilst 
not a vessel passed over to the opposite side, it seemed 
probable that tbe motor impulse was conducted ex- 
clusively along them. 

In order to test this view, I divided transversely 
with the point of a lancet the central trunks of four 
leaves, just beneath the main bifurcation; and two 
days afterwards placed rather large bits of raw meat 
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(a most powerful stimulant) near the centre uf the 
<liflc above the incision — that is, a little towards the 
IX — with the following fL'Sulta: — 

) This leaf proTeil rather torpid : after 4 hrs. 40 m. (in sll 
I leckoaiiig from tlie time when the nic«t was given) tite 
KOles at the distal end wuru a little inflected, hut nowhere 
she; they remained BO fur three days, and re-«Kpeuidul on the 
fourth do;. The leaf was then dissected, uid the trunk, ae welt 
m the two Bublateral branehea, were found divided. 

(2) After 4 lira. 'dO ni. man; of the teetacleB at the distal end 
wero well influcl^d. Next daj tlu^ lilwle nud all the tcntaoleB at 
this end were strongly inflected, uud were separated by a dis- 
tinct tranaverae line from the baaal half of the leaf, which wob 
not in the least affected. On the third day, howevtr, Bome of 
the abort tentacles on the disc near the base were very slightly 
inflected. The incision was found on disseutJon to extend acroBa 
the leaf as in the la^ ca.'ie. 

(3) After 4 hre. 30 m. strong inflection of the tentacles at 
the distal end, which during the next two days never eitendc-d 
in the least to tbe basal Lud. The incision es before. 

(4) This leaf was not obeerved until 15 bra. had elapsed, and 
then all tbe tentacles, except the extreme marginal ones, were 
found equally well inflected all round the leaf. On careful 
examination the spiral vessels of the central trunk were cer- 
tainly divided ; but the incision on one side liod not passed 
through the fibroas ttsEue surrounding thesis vessels, though it 
hod passed through the tissue on the other side.* 

The appearance presented by the leaves (2) and (3) 
was very eurious, and might be aptly compared with 
that of a man with his backbone broken and lower ex- 
tremities paralysed. Excepting that the line between 
the two halves was here transverse instead of longitu- 
dinal, these leaves were in the same state as some of 
those iu the former experiments, with bits of meat 
placed on one side of the disc. The case of leaf (4j 
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proves that the spiral vessels of the centnil trunk may ! 
be diviiled, and y<it the motor impulse bo tmiiBmitted 
from the distal h) the basal eiid ; and this led me at 
first to supiwse that the motor forne nas sent through 
the closely surrounding fibrous tissue ; and that if one 
half of this tissue waa left undivided, it suffieed for 
complete transmission. But opposed to this cunclnsion 
is the fact that no vessels jiass directly from one side 
of the leaf to the other, an<l yet, as we have seen, if 
a rather lar^e bit of meat is placed on one side, the 
motor impulse is sent, though slowly aud imperfectly, 
in a transverse direction across the whole breadth of 
the leaf. Nor can this latter fact be accounted for 
by supi>oaing that the transmission is effected through 
the two inosculations, or through the circumferential 
zigzag line of union, for had this been the case, the 
exterior tentacles on the opposite side of the disc 
vould have been affected before the more central ones, 
which never occurred. We have also seen that tha 
extreme marginal tentacles appear to have no power 
to transmit an impidse to the adjoining tentacles; yet 
the little bundle of vessels which enters each marginal 
tentacle sends off a minute bmnch to those on both 
sides, and this I have not observed in any other ten- 
tacles; so that the marginal ones are more closely 
connected together by spiral vessels than are tha 
others, and yet have much less power of commuui- 
cutiug a motor impulse to one another. 

But besides these several facts and arguments we 
have conclusive evidence that the motor impulse is 
not sent, at least exclusively, through the spiral 
vessels, or through the tissue immediately surrounding 
them. We know that if a bit of meat is placed on a 
gland (the immediately adjoining ones having been 
removed) on any part of the disc, all the short sii^ 
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Toanding tentacles bend almost simtiltaneously witii 
great precision Inwards it. Now there are tentacles 
ou the disc, lor instttnco ut-ar the extremities of the 
Bublateml bimdlea {fig. 11), which are supplied with 
vessels that do not come into contact with the branches 
that enter tlie surrounding tentacles, except by A very 
long and estremt^ly circuitous course. Nevertheless, 
if a bit of meat is placed on the gland of a tentacle 
of this kind, all the surrounding ones are inflected 
towards it with great precision. It is, of course, pos- 
sible that an impulse might be sent through a long 
and circnitoua course, but it is obviously impossible 
that the direction of the movement could be thus 
communicated, so that all the surrounding tentacles 
should bend precisely to the point of excitement. The 
impulse no doubt is tranaraitte<i in straight radiating 
lines from the excited gland to the surrounding ten- 
tacles; it cannot, therefore, be sent along the fibro- 
vascular bundles. The effect of cutting the central 
vessels, in the above eases, in preventing tlie transmis- 
sion of the motor impulse from the distal to the basal 
eud of a leaf, may be attributed to a considerable space 
of the cellular tissue having been divided. We shall 
hereafter see, when we treat of Dioniua, that this same 
conclusion, namely that the motor impulse is not 
transmitted by the fibro-vascular bundles, is plainly 
confirmed ; and Professor Cohn has come to the same 
conclusion with respect to Aldrovanda — both members 
of the Droseraceaj. 

As the motor impulse is not transmitted along the 
vessels, there remains for its passage only the cellular 
tissue ; and the structure of this tissue explains to a 
certain extent how it travels so ([uickly down the long 
exterior tentacles, and much more slowly across the 
blade of the leaf. We shall also see why it 
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tho blade more quickly ia a loDgitudiaal thm in a 
transverse direction ; thougli with time it can pass in 
any direction. We know thiit the same stimulus 
causes movemeiit of the tentacles and aggregation of 
the protoplasm, and that both influences originate in 
and proceed from the glands within the same brief 
space of time. It seems therefore probable that the 
motor impulse consists of the first commencement of 
a molecular change in the protoplasm, which, when 
well developed, ia plainly visible, and has been desig- 
nated aggregation ; but to this subject I shall return. 
We further know that in the transmission of the aggre- 
gating process the chief delay is caused by the passage 
of the transverse cell-walls ; for as the aggregation 
travels down the tentacles, tlie contents of each suc- 
cessive cell seem almost to flash into a cloudy mass. 
We may therefore infer that the motor impulse is in 
like manner delayed chiefly by passing through the 
cell-walls. 

The greater celerity with which the impulse is 
trousmitted down the long exterior tentacles than 
across the disc may be largely attributed to its being 
closely confined within the narrow pe<licel, instead 
of radiating forth on all sides as on the disc. But 
besides this confinement, the exterior colls of the ten- 
tacles are fully twice as long as those of the disc; so 
that only half the number of transverse partitions 
have to be traversed in a given length of a tentacle, 
compared with an equal space on the disc ; and there 
would be in the same proportion less retardation of the 
impulse. Moreover, in sections of the exterior ten- 
tacles given by Dr. Warming,' the parenchymatous 
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cells are shown to be atill more elongated; and these 
wiiuld form the most direct line of communication from 
the gland to the bending place of the tentacle. If the 
inipiilae travels down the exterior cells, it would hate 
to cross from between twenty to thirty transverse par- 
titions ; but rather fewer if down the inner parcnchy- 
mat4>us tissue. In either case it is remarkable that 
the impulse ts able to pass through so many par- 
titions down nearly the whole length of the pedicel, 
and to act on the bending place, in ten seconds. Why 
the impulse, after having passed so quickly down one 
of the extreme marginal tentacles (alx^ut t',; of an 
inch in length), should never, as far as I have seen, 
alTect the adjoining tentacles, I do not understand. 
It may be in part accounted for by much energy 
being expended in the rapidity of the transmission. 

Most of the cells of the disc, both the superficial 
ones and the larger cells which form the five or six 
underlying layers, are about four times as long as 
broad. They are arranged almost longitudinally, 
radiating from the footstalk. The motor impulse, 
therefore, when transmitted acmss the disc, has to 
cross nearly four times as many cell-walls as wheu 
transmitted in a longitu<1inal direction, and would 
consequently be much delayed in the former case. 
The cells of the disc converge towards the bases of 
the tentacles, and are thus fitted to convey the motor 
impulse to them from all sides. On the whole, the 
arrangement and shape of the cells, both those of the 
disc and tentacles, throw much light on the rate and 
manner of diffusion of the motor impulse. But why 
the impulse proceeding from the glanfls of the ex- 
terior rows of tentacles tends to travel laterally and 
towards the centre of the leaf, but not centr if u gaily, is 
by Du means clear. 
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Mechanism of the Movements, and Nature of the 
Motor Impulse. — Whatever may be the nu^ana of 
movement, the exterior tentacles, considering their 
delicacy, are inflected with much, force. A bristle, 
held 80 that a length of 1 inch projected from a 
handle, yielded when I tried to lift with it an in- 
flected tentacle, which was somewhat thinner than the 
bristle. The amount or extent, also, of the movement 
is great. Fnlly expanded tentacles in becoming in- 
flected sweep through an angle of 180"; and if they 
are beforehand reflfxed, as often occurs, the angle is 
considerably greater. It is probably the superflcial 
cells at the bending place which chiefly or exclusively 
contract; for the interior cells have very delicate 
walls, and are so few in number that they could hardly 
cause a tentacle to bend with precision Ijj a definite 
point. Though I carefully looked, I could never 
detect any wrinkling of the surface at the bending 
place, even in the case of a tentacle abnormally 
curved into a complete circle, under circumstances 
hereafter to be mentione<i. 

All the cells are not acted on, though the motor 
impulse passes through them. When the gland of 
one of the long exterior tentacles is excited, the 
upper cells are not in the least affected ; about half- 
way down there is a slight bending, but the chief 
movement is confined to a short sitaue near the base; 
and no part of the inner tentacles bends except the 
baaai portion. With respect to the blade of the leaf, 
the motor impulse may be transmitted through many 
celts, from the centre t« the circumference, without 
their being in the least affected, or they may be 
strongly acted on and the blade greatly inflected. 
In the latter case the movement seems to depend 
partly on the strength of the stimulus, and partly ok 
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its nature, ss when leaves are immersed in certain 
fluids. 

The power of movement which various plants possess, 
when irriUted, has been attributed by high authorities 
to the rapid passage of fluid out of certain cells, wiiich, 
from their previous state of tension, immediately con- 
tract.* Whether or not this is the primary cause of 
Bncb movements, fluid must pass out of closed cells 
when they contract or arc pressed together in one 
direction, unless they at the same time expand in 
some other direction. For inatantre, fluid cau lie seen 
to ooze from the surface of any young and vigorous 
shiwt if slowly bent into a scmi-circle.t In the case 
of I>rosertt there b certainly much movement of the 
fluid throughout tiie tentacles whilst they are under- 
going inflection. Many leaves can be found in which 
tiie purple fluid within the cells is of an equally dark 
tint on the upper and lower sides of the tentacles, 
extending also downwards on both sides to equally 
near their bases. If the tenttudes of such a leaf are 
excited uito movement-, it will generally be found after 
some hours that the cells on the concave side are much 
paler than they were before, or are qnite colourless, 
those on the convex side having become much darker. 
In two instances, after particles of hair had been placed 
ou glands, and when in the coui-se of 1 hr. 10 m. the 
tentacles were incurved halfway ttiwanls the centre 
of the leaf, this chmigc of colour in the two sides was 
conspicnonsly plain. In another case, after a bit of 
Bieat had been placed on a gland, the purple colour 
WHS observed at intervals to lie slowly travelling from 
tlie upper to the lower part, down the convex side ol 
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the bending tentacle. But it dues not follow from I 
these observations that the cells on the convex side j 
become filled with more fluid during the act of in- 
fleotion than they contained before ; for fluid may all 
the time be passing into the disc or into the glands 
which then secrete freely, 

The bending of the tentacles, when leaves are im- 
mersed in a dense fluid, and their subsequent re- 
expansion in a less dense fluid, show that the passage 
of fluid from or into the cells ran cause movements 
like the natural ones. Biit the inflection thus caused 
is often irregular ; tlie exterior tentacles being some- ( 
times spirally curved. Other unnatural movements ' 
are likewise caused by the application of dense fluids, , 
as in the case of drops of syrup placed on the bucks 
of leaves and tenfjiclos. Such movements may be 
compared with the contortions which many vegetable 
tissues undergo when subjected to exosmose. It ift I 
therefore doubtful whether they throw any light on j 
the natural movements. 

If we admit that the outward passage of fluid i 
the cause of the bending of the tentacles, we must ' 
suppose that the cells, before the act of inflection, i 
are in a high state of tension, and that they are J 
elastic to an extraordinary degree ; for otherwise their ■ 
contraction could not cause the tentacles often to I 
sweep through an angle of above ISO". Professot ] 
Cohu, in his interesting paper' on the movements 
of the stamens of certain Compositse, states that these 
organs, when dead, are as elastic as threads of india- 
rubber, and are tJien only half as long as they were i 
when alive. He believes that the living protoplasm i 
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witliin tUeir cells is onlinarily in a state of expanainn. 
but is pamtysed by initatinii, or may bo miU\ to suffei 
temporary death; tlie elaatifity of tbi; tTll-wiilJs iben 
outuing into play, ami causiii^ the contruction of tlio 
stamens. Now the oella oa the upper or concave aide 
of the bending pirt of the tentacles of Drusem do not 
appear to be in a »tiite uf tension, nor to be highly 
elastic; fur when a leaf ia suddenly killed, or diea 
slowly, it is not the upper but the lower aides of tlie 
tentacles which contrat't from elasticity. We may, 
therefore, conclude that their movements cannot be 
accounted for by the inherent elasticity of certain 
cells, opposed as long as they are alive and not irri- 
tated by the expanded stiite of their contents. 

A somewhat tlitfereut view has been advanced by 
other physiologists — namely that tlie protopUsm, 
when irritated, contracts like the soft sarcode of 
the muscles of animals. In Drosera the fluid tvithin 
the cells of the tentacles at the bending place appears 
under the microscope thin and homogenw)U8, and after 
aggregation consists of small, soft masses of matter, 
ondergoing incessant changes of form and floating in 
almost colourless fluid. These masses are completely 
redissolved when the tentacles re-expand. Now it 
seems scarcely [tnasible that such matter should have 
any direct mecliauieat puwer; but if through some 
molecular change it were to occupy less space than it 
did before, no doubt the cell-walla would close up and 
contract. But in this case it might be expected liiat 
the walls would exhibit wrinkles, and none confd ever 
be seen. Moreover, the contents of all the cells seem 
to be of exactly the same nature, lioth befc)re an<l after 
aggregation ; and yet only a few of the basal cella 
contract, the rest of the tentacle remaining straight. 

A third view maintained by some physiologists, 
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tLougt rejected by most others, is that the whole ceil, j 
including the walls, actively contraeta. If the wails are I 
composed solely of nou-uitrogeuoiis cellulose, this view.T 
is highly improbable; but it can hardly be doubted I 
that they must be [H?rmeated by prciteid matter, 
hiftst whilst they are grawing. Nor dotw there see 
any inherent improbability iu the cell-walls ol' Drosent ] 
contracting, considering their high state of organisa- ] 
tion; as shown in the case of the glands by their power j 
of absorption and secretion, and by being exquisitely ] 
sensitive so as to be affected by the pressure of the 1 
most minute particles. The cell-walls of the pedicelft I 
also allow various impulses to pass through them, J 
inducing movement, increased secretion and aggrega-j 
tiou. On the whole the belief that the walls of certain 
cells contract, some of their contained fluid being at 
the same time forced outwards, perhaps accords best 
with the observed facta. If this view is rejected, the 
next most probable one is that the fluid contents of 
the cells shrink, owing to a change in their molecular 
state, with the consequent closing in of the walls. 
Anyhow, the movement can hardly be attributed to« 
the elasticity of the walls, together with a previonsj 
state of tension. 

With respect to the nature of the motor impulsA 1 
which is transmitted from the glands down the pedi' ' 
ci'ls and across the disc, it seems not improbable that 1 
it is closely allied to that influence which causes the ' 
protoplasm within the cells of the glands and ten- 
tacles to aggregate. We have seen that both forces J 
originate in and proceed from the glands within i 
few seconds of the same time, and are excited by the J 
same causes. The aggregation of the protoplasm 1 
almost as long as the tentacles remain inflected^ J 
even thongh *biB be for more than a week ; but thfl J 
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protoplasm is redissolved at the bending place sliortly 
before the tentaclea re-expand, showinp that the ex- 
citing cause of the iiggregatiug process hits ibL'n quite 
(!i!ftsed. Exposure to carbouic aind f-iiuses both the 
latter pnxresg rind the motor iinpulse to travel very 
slowly down the tentaclea. We know that the aggre- 
gating process is delayed in passing through the cell- 
walls, and we have good reason to believe that this 
holds good with the motor impulse ; fur we can thus 
understand the different rates of its transmission in a 
longitudinal and trausverse line across the disc. Under 
n high power the first sign of aggregation is the ap- 
pearance of a cloud, and soon afterwards of extremely 
fine grannies, in the liomogeueous purple fluid within 
the cells ; and this apparently is due to the union of 
molecules of protoplasm. Now it does not seem an 
impiobable view that the same tendency — namely for 
the molecules to approach each other— should bo com- 
munioatod to the inner surfaces of the cell-walls which 
are in contact with the protoplasm ; and if so, their 
molecules would approach each other, and the cell-wall 
woald contract. 

To this view it may with truth be objected that 
when leaves are immersed in various strong solu- 
tions, or are subjected to a heat of above 130° 
Fahr. (54'''4 Cent.), aggregation ensues, but there is 
no movement. Again, various acids and some other 
fluids cause rapid movement, but no aggregation, or 
only of an abnormal nature, or only after a long 
interval of time ; but as most of these fluids are more 
or less injurious, they may check or prevent the aggre- 
gating process by injuring or killing the protoplasm. 
There is another and more important differeuce in the 
two processes : when the glands on the disc are ex- 
cited, tbuy transmit some influence up the surrounding 
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tentacles, whiuh acts on the cells at the bending place, 
hilt does not induce aggrepatii.n until it has reached 
the glands ; these then send back some other in- 
Suence, causing the protoplasm to aggregate, first in 
the upjier and then in the lower c^Ils, 

The He-ea-patiston of the Tentacles. — This movement ia 
always slow and gradual. When the centre of the ' 
leaf is excited, or a leaf is inimeraed in a proper solu- 
tion, all the tentacles bend directly towards the centre, 
and afterwards directly back from it. But when the 
point of excitement is on one side of the disc, thu 
surrounding tentacles bend towards it, and therefore 
obliquely with respect to their normal direction ; when 
they afterwards re-expand, they bend obliquely back, 
80 as to recover their original positions. The ten- 
tacles farthest from an excited point, wherever that 
may be, are the last and tlie least affected, and probably 
in consequence of this they are the first to re-expand. 
The bent portion t>f a closely inflected tentacle is in a 
stale of active contraction, as shown by the foUowiDg 
experiment. Meat was placed on a leaf, and after the 
tentacles were closely inflected and had quite ceased to 
move, narrow strips of the disc, with a few of the outei 
tentacles attached to it, were cut off and laid on one 
side under the microscope. After several failures, I 
succeeded in cutting off the convex surface of the bent 
portion of a tentacle. Movement immediately recom- 
menced, and the already greatly bent portion went on 
bending uutil it formed a perfect circle ; the straight 
distal jKirtion of the tentacle passing on one side of the 
strip. The convex surface must therefore have pre- 
viously been in a state of tension, sufficient to coimter- 
balance that of the concave surface, which, when free, 
curled into a complete ring. 

The tentacles of an expanded and unexcited lea/ 
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)ir« moderately rigid and elastic ; if bent by a nee<lle, 
tbe upper end yields more easily than the busal ami 
tliielcLT part, wluch alone is capable of becoming in- 
flected. Tlie rigidity of this basal part seems duo to 
the teiisioti of the otit«r surface balancing a state of 
active and persistent contraction of the cells of the 
inner surface. I believe that this is the case, because, 
when a leaf is dipped into boiling water, the tentiu-les 
suddenly become reflexed, and this apparently indi- 
cates that the tension of the outer surface is niecha- 
nicjU, whilst that of the inner surface is vitiil, and is 
insljiDtly destroyed by the boiling water. We can 
thus also understand why the tentacli^s as they grow 
old and feeble slowly become much retleiied. If a 
leaf with its tenta^-tes closely inflected is dipped into 
boiling water, these rise up a little, but by no means 
fully re-expiind. This may be owing to the heat 
quickly desti-oying the tension and elasticity of the 
cells of the convex surface ; but I can hardly believe 
that their tension, at any one time, would suflice to 
carry back the tentacles to their original position, 
often through an angle of above IBtT. It is more 
probable thai tinid, which we know travels along the 
tentacles during the act of inflection, is slowly re- 
attractod into the cells of the convex surface, their 
tension being thus gradually and continually in- 
creased. 

lapitulation of the chief facts and discussions 
in this chapter will be given at the close of the next 
chapter. 
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As amiimflries have beeu given to most of the I 
(chapters, it will be sufficient here to recapitulate, i 
briefly as I can, the chief points. In the first chapter 1 
a preliminary sketch was given of the structure of tlie j 
leaves, and uf the manner in which they captore 
insects. This is effnctcd by drops of extremely viscid ] 
fluid Burronniling the glands and by the inward 1 
movement of the tentacles. As the plants gain most * 
of their nutriment by this means, their ro<its are very J 
poorly devRltJped ; and they often grow in placos- | 
where hardly any other plant except mosses i 
exist. Tlie glands have the jiower of absurptioo, A 
besides that of secretion. They are extremely sen- J 
sitive to various stimulants, namely repeated touches, f 
the pressure of minute particles, the absorption ot'm 
animal matter and of various fluids, heat, and gol'l 
vanic action. A tc>ntacle with a bit of raw meat on 1 
the gland has been seen to begin bending in 10 a^ 1 
to be strongly incurved in 5 m,, and to reach thai 
centre of the loaf in l^alf an hour. The blade of thaj 
leaf often becomes so much inflected that it forms i 
cup, enclosing any object placed on it. 

A gland, when excited, not only sends some in- 
fluence down its own tentacle, causing it to bend, but | 
likewise to the surrounding tentacles, which becomo J 
incurved ; so that the bending place can be acted on j 
by an impulse received from opposite directioii%J 



CKAr. XI GENERAL !4UMMABY. 263 

namely from the glaud on the summit of the same 
tentacle, and from one or more glands of the neigh- 
bouring tentacles. Tentacles, when inflected, re-ex- 
pand after a time, and during this process the glands 
secrete less copiously, or become dry. As soon as 
they begin to secrete again, the tentacles are ready 
tu re-act ; and this may be repeated at least three, 
probably many more times. 

It was shown in the second chapter that animal sub- 
stances placed on the discs cause much more prompt 
and energetic inflection than do inorganic bodies of 
the same size, or mere mechanical irritation; but 
there is a still more marked difference in the greatei- 
length of time during which the tentacles remain in- 
flected over bodies yielding soluble and nutritious 
matter, than over those which do not yield such 
matter. Extremely minute particles of glass, cinders, 
hair, thread, precipitated chalk, &c.., when placed on 
the glands of the outer tentacles, cause them to bend. 
A particle, unless it sinks through the secretiou and 
actually touches the surface of the gland with some 
one point, does not produce any efl'ect. A little hit 
of thin human hair Tinre of *" 'ich ('203 mm.) in 
length, and weighing only y^! iS of a grain (-001)822 
lug,), though largely supported by the dense secre- 
tion, suffices to induce movement. It is not probable 
that the pressure in this case could have amounted 
to that from the millionth of a grain. Even smaller 
particles cause u slight movement, as could be seen 
through a fens. Larger particles than those of nbich 
the measurements have been given cause no sensation 

I when placed on the tongue, one of the most sensitive 
parts of the human body. 
Movement ensues if a gland is momentarily touched 
three or four times ; but if touched only "Ui-e or t' 
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thougli with ctnsidcmblo force and with a hard objuet,, 
the tentacle does not bead. The plant is thus saved ' 
tr{>ni much useless movement, hs during a high wind I 
the glands can hardly escape being occasionally ■ 
brushed by the leaves of surrounding plants. Though 
insensible to a, single touch, they are exquisitely sensi- 
tive, as just stated, to the slightest pressure if ppt>- \ 
longed for a tew scconils ; and this capacity is mani- 
festly of service to the plant in capturing small < 
insects. Even guals, if they rest on the glands with 
their delicate feet, are quickly and securely embraced. 
The glands are inseusible to the weight and repeated 
blows of drops of heavy rain, and the plants are thua 
likewise saved from much useless movement. 

The description of the movements of the tentacles 
was interrupted in the third chapter for the sake of 
describing the process of aggregation. This process 
always comnnmces in the cells of the glands, the con- 
tents of which first become cloudy ; and this has j 
been observed within 10 s, after a gland has beea ' 
excited. Granules just resolvable under a very high 1 
power soon appear, sometimes within a minute, in the | 
cells beneath the glands ; and these then aggregate \ 
into minute spheres. The process afterwards travola * 
down the tentacles, being arrested for a short time at I 
each transverse partition. The small spheres coalesce ] 
into larger spheres, or into oval, club-headed, thread- 
or necklace-like, or otherwise shaped masses of proto- . 
plasm, which, suspended in almost colourless fluid, ] 
exhibit incessant spontaneous changes of form. These j 
frequently coalesce and again separate. If a gland ' 
baa been powerfully excited, all the cells down to the ' 1 
base of the tentacle are aiTected. In cells, especially ( 
if filled with dark red fluid, the first step in the 
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process often is tlie forroation of a diirk red, bag- 
like muss of pruto plasm, whicli afterwiinU dividea 
and undergoes the usual rejx^atud lihangca of form. 
Before any aggregiition lias Ijeeu excited, a sheet of 
uolourless protoplasm, iuuliidiug grauules (the prim- 
ordial utricle of Mohl), flows round the walls of the 
cells; and this becomes more distiuct after the con- 
tents have been partially aggregated into spheres 
or bag-like musses. But after a time the granules 
are drawu towards the central masses and unite with 
them; and then the circulatiug sheet can nu longer 
be distinguished, but there is still a current of trans- 
parent fluid within the cells. 

Aggregation is excited by almost all the stimulaut* 
which induce movement; such as the glands being 
touched two or three times, the pressure of minute 
inorganic particles, the absorption of various finids, 
even long immersion in distilled water, exosmose, and 
heat. Uf the many stimulatits tried, carbonate of 
ammonia is the most energetic and a<-ts the quickest : 
a dose of tti'iou "J*" * grain ('00048 mg.) given to 
a single gland suffices to cause iu one hour weD- 
morked aggregation in the upper cells of the tentacle. 
The process goes on only aa loug iis the protoplasm 
is in a living, vigorous, and oxygenated condition. 

The result is in all respects exactly the some, 
whether a gland has been excited directly, or has 
received an influence from other and distant glands. 
But there is one important difference : when the 
central glands are irritated, they transmit centri- 
fugally an influence up the pedicels of the exterior 
tenl-acles to their glands; but the actual process of 
aggregation travels centripetal ly, from the glands of 
the exterior tentacles down their pedicels. The ex- 
citing influence, therefore, which is transmitted from 
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one part tif the leaf to another must be ditfermit 
from that which aftiially induces aggregation. The 
process does nut depend on the glands seereting 
more copiously than they did before ; and is inde- 
pendent of the inflection of the tentacles. It con- 
tinues us long us the tentacles remttin inflected, and as 
soon as these arc fully re-expandefl, the little masses 
of prutopluiim are all redisaolved ; the cells becoming 
filled with homogeneous purple fluid, as they were 
before the leaf was cxeit«d. 

As the i»roces8 of aggregation can l>e excited by & 
few touches, or by the pressure of insoluble particles, 
it is evidently independent of the absorption of any 
matter, and must be of a molecular nature. Even when 
{■aused by the absorption of the carbonate or other 
Nult of ammonia, or an infusion of meat, the process 
seems to be of exactly the same nature. The proto- 
plasmic fluid must, therefore, be in a singularly un- 
stable condition, to be acted on by such slight and 
varied causes. Physiologists believe that when a 
nerve is touched, and it transmits an influence to other 
parts of the ner^^ous system, a molecular change is 
induced in it, though not visible t4i ua. Therefore it 
is a very interesting spectacle to watch the effects on 
the cells of a gland, of the pressure of a bit of hair, 
vseighing only 'jt-I-.tti of a grain and largely supporte<l 
by the dense secretion, tor this excessively slight 
pressure soon causes a visible change in the proto- 
plasm, which change is transmitted down the whole 
length of the tentacle, giving it at last a mottled 
appearance, distinguishable even by the naked eye. 

In the fourth chapter it was shown that leaves 
placed for a short time in water at a temperature of 
lie Fahr. {43''"3 Cent.) become somewhat inflected; 
they are thus also rendered more sensitive to the action 
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of moat than they were before. If exposed to a tem- 
perature of between 115°tuid 125' (iG"-!— 5r-« Cent.)- 
they are qiiiakly inrtect«d, and their protoplasm under- 
goes aggregation ; when afterwards placed in cold water, 
they re-expand. Exposed to 130° {54°'4 Cent.), no in- 
fleetion immediately occurs, but the leaves are only 
temporarily paralysed, for on being left in cold water, 
they often become inflected and afterwards re-expand. 
In one leaf thus treated, I distinctly saw the protoplasm 
in movement. In other leaves, treated in the same 
manner, and tlien immersed in a solution of carbonate 
of ammonia, strong aggregation ensued. Leaves placed 
in cold water, after an exposure to so high a tem- 
perature H8 145° {62°' 7 Cent.), sometimes become 
Bliglitly, though slowly, inflected ; and afterwards have 
the contents of their cells strongly aggregated by car- 
bonate of ammonia. But the duration of the immer- 
BioD is an important element, for if left in water at 
145' (QT-7 Cent.), or only at 140° (60° Cent.), until it 
becomes cool, they are killed, and the contents of the 
glands are rendered white and opaque. This latter 
result seems to lie duo to the coagulation of the albu- 
men, and was almost always caused by even a short 
exposure to 150° (65^'5 Cent.) ; but different leaves, and 
even the separate cells in the same tentacle, differ con- 
siderably in iLeir power of resisting heat. Unless the 
heat has been sufbcient to coagulate the albumen, car- 
bonate of auimouia subsequently induces aggregation. 
In the fifth chapter, the results of placing drops of 
various nitrogenous and non-nitrogenous organic fluids 
on the disc-s of leaves were given, and it was shown 
that they detect with almost unerring certainty the 
presence of nitrogen. A decoction of green peas or 
uf fresh cabbage-leaves acts almost as powerfully as an 
i&fosion of raw meat ; whereas an infusion of cabbage- 
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leaves made by keejiiug them for a long time in 

merely warm water is far less eftieient. A dcuoction 
of grasa-leiivea ia less powerful than one of green peaa 
or cabbage-leaves. 

These results led me to inquire whether Droaera 
possessed the power of dissolving solid animal matter. 
The experiments proving that the leaves arc capable 
of tnie digestion, and that the glands absorb the di- 
gested matter, are given in detail in the sixth chapter. 
These are, perhaps, the most interesting of all my 
observfitiona on Drosera, as no sueli power was before 
distinctly known to exist in the vegetable kingdom. 
It is likewise an interesting fact that the glands of the 
list.', ivhen irritated, should transmit some induence 
to the glands of the exterior tentacles, causing them 
to secrete more copiously and the secretion to be- 
come acid, as if they had been directly excited by 
an object placed on them. The gastric juice of ani- 
mals contains, as is well known, an acid and a fer- 
ment, both of which are indispensable for digestion, 
and so it is with the secretion of Drosera. When the 
stomach of an animal is mechanically irritated, it 
secretes an acid, and when particles of glass or other 
such objects were place*! on the glands of Drosera, 
the secretion, and that of the surrounding and un- 
touched glands, was increased in quantity and became 
acid. But, according to SchifT, the stomach of an 
animal does not secrete its proper ferment, pepsin, 
until certain substances, which he calls pcptt^genes, 
are absorbed ; and it appears from my experiments 
that some matter must be absorbed by the glands 
of Drosera before they secrete their proper ferment. 
That the secretion does contain a ferment which a^-ts 
only in the presence of an acid on solid animal 
matter, was clearly proved by adding minute ditseB of 
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an alkiili, wliieh fiitirely aireated tlio pi'ucL'sa of diges- 
tiiju, tbis immeiliiitely recommencing us soon as tlie 
alkali was ueutraliseii liy a little wetik hydroclilorio 
acid. From trials made with a large number of 
substances, it was funnd that tbose wbieh tbe secretion 
of DrosiTa dissolves completely, or [Ntrtially, or not 
at all, are acted on in exactly the same manner by 
gastric juice. We may, therefore, conclude that tho 
ferment of Droaem is closely analogous to, or ideutical 
with, tbe pepsin of animals. 

Tbe substances which are digested by Drosera act 
on the leaves very differently. Some cause much 
more energetic and rapid inflection of the tentacles, 
»nd keep them inflected for a much longer time, than 
do others. We ore thus led to believe that tbe 
former are more nutritious than tbe latter, as ix 
known to be the case with some of these same sub- 
stances when given to animals ; fur instance, meat in 
comparison with gelatine. As cartilage is so tough a 
substance and is so little acted on by water, its 
prompt dissolution by the secretion of Drosera, and 
subsequent absorption, is, perbaja, one of tbe most 
striking cases. But it is not really more remarkable 
than the digestion of meat, which is dissolved by this 
secretion in the same manner and by the same stages 
as by gastric juice. The secretion dissolves bune, and 
even the enamel of teeth, but this is simply due to 
the large quantity of acid secreted, owing, apparently, 
to the desire of the plant for phosphorus. In tho 
case of bone, the ferment does not come into play 
until all the phosphate of lime has been decomposed 
iind free acid is present, and then tbe fibrous basis is 
quickly dissolved. Lastly, the secretion attacks and 
dissolves matter out of living seeds, which it some- 
times kills, or injures, as shown by the dis4.>afK!d state 




I 



270 DROSERA ROTUNDIFOLIA. Cilir. XI 

of tlie seedlings. It also absorbs matlttr Irom pollcii, 
mill from fragments of leaves. 

The seventh chapter was devotetl tit the itction of | 
ll»! salts of umuionift. These all cause the teiitaeies, j 
and often the blmle of the leaf, to be inflected, and I 
the protoplasm to he aggregated. They act with very I 
different power; the citrate being the least powerful, 
and the phosphate, owing, no doubt, to the presence ( 
of phosphorus and nitrogen, by far the most ]«owerful, 
lint the relative efficiency of only throe salts of | 
aiumonia was carefully determined, niuiiely the « 
Winate, nitrate, and phosphate. The experiments were i 
maile by placing half-minima (-0296 ml.) of solutions , 
of different strengths on the discs of the leaves, — by 
applying a minute drop (about the V„ of a minim, ot 
•UU29(i ml.) for a few seconds to three or four glands, — 
and by the immersion of whole leaves in a measured 
quantity. In relation to these exjicrinients it was 
necessary first to ascertain the effects of distilled water, 
■nd it was found, as described in detail, that the more 
sensitive leaves are affected by it, but only in a slight 
degree. 

A solution of the carbonate is absorbed by the roots 
and induces aggregation in their cells, but does not 
affect the leaves. The vapour is absorbed by the 
glands, and causes inflection as well as aggregation. 
A drop of a solution containing ^J^ of a grain 
(■0675 mg.) is the least quantity which, when placed 
on the glands of tlio disc, excites the exterior ten- 
tacles to bend inwards. But a minute drop, contain- 
ing TT Vtht o'" a grain (-00445 mg.), if applied for a few 
seconds to the secretion surrounding a gland, causes 
the inflection of the same tentacle. When a highly 
sensitive leaf is immersed in a solution, and there ia 
ample time for absorption, the | j^ ', „„ of a grata 
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(■00024 mg.) is sufficient to excite a siugle tentmjle 
into movement. 

Tlie nitnite of ammonia induces aggregation of tlii* 
piutoplasm much leas quickly than the carbonate, but 
u more jK)t«nt in causing inflection. A drop contain- 
ing Ti'ri.i of * grain {"027 mg.) placed on the disc acts 
powerfully im all the exterior tentacles, which have 
not themselves received any of the solution ; whereas a 
drop with T^'in,- of a grain caused only a few of those 
tentacles to bend, but affected rather more plainly the 
blade. A minute drop applied as before, and contain- 
i'lg 1 . 1 ft J of a grain ('0025 mg.), caused the tentacle 
bearing tliis gland to bend. By the inunorsiou of 
whole leaves, it was proved that the absorptton by a 
single gland of T-g-ofny of a grain ('0000937 mg.) was 
Buflicient to set the same tentacle into movement. 

The phosphate of ammonia is much more powerful 
than the nitrate. A drop containing j-^',t; of a grain 
(■0169 mg.) placed on the disc of a sensitive leaf 
causes most of the exterior tentacles to be inflected, 
as well as the blade of the leaf. A minute drop con- 
taining TrrrTnTv of a grain (-000423 mg.), applied for a 
few seconds to a gland, acts, as shown by the move- 
ment of the tentacle. When a leaf is immersed in 
thirty mininiB (1'7748 ml.) of a solution of one part by 
weight of the salt to 21,875,000 of wat«r, the absorp- 
tion by a gland of only the T'lTTi'rju-o of a grain 
(■0000032.S mg.), that is, about the one-twenty-mil- 
lionth of a gi-ain, is suffieieut to cause tlie tentacle 
bearing this gland to bend to the centre of the 
leaf. In this experiment, owing to the presence of 
the water of crystallisation, less than the one-thirty- 
millionth of a grain of the efficient elements could 
have been absorbed. There is nothing remnrkable in 
6uch minute quantities heing absorbed by the glands, 
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for all physinlogistH ailmit that the salts of ammunift, 
which must be brought in still smaller quiintity by a 
single shower of rain lo the roots, are altsorbed by 
them. Nor is it surprising that Dro.sera shoiilil Ija 
pniililed to profit by the absorption of these salts, for 
yeast and otlier low fungoid forms llourish in solutions > 
of iimmonift, if the other neeessary elements are pre- j 
sent. Cut it is an astonishing fact, on which I wiU I 
not here again enlarge, that so inconceivably miBute a 
quantity as the one-twenty-milliontb of a grain of ' 
phosphate of ammonia should iniluce some change in 
a gland of Drosera, siifficient to cause a motor impulse 
to be sent down the whole length of the tentacle ; this 
impulse exciting movement often through an angle of 
above 180°. I know not whether to be most astonished 
at this fact, or that the pressure of a minute bit of 
hair, supported by the dense secretion, should quickly 
cause conspicuous movement. Moreover, this extreme 
sensitiveness, exceeding that of the most delicate part 
of the human body, as well as the imwer of transmit' 
ting various impulses from one part of the leaf to 
another, have been acquired without the intervention 
of any nervous system. 

As few plants are at present known to possess glands 
specially adapted for absorption, it seemed worth while 
to try the eflects on Drusera of various other salts, 
besides those of ammonia, and of various acids. Theit 
action, as described in the eighth chapter, does not 
correspond at all strictly with their chemical affinitien, 
as inferred from the classification commonly followed. 
The nature of the base is far more influential than 
that of the acid ; and this is known to hold good with 
animals. For instance, nine salts of sodium all caused 
veil-marked inflection, and none of them were poisoi^ 
ous in small doses ; whereas seven of thn nine corre^ 



Ciur. XL GENERAL SUMMABT. 278 

Bponding salts of potassiuin produccrl no eiTect, two 
cniisiug slight influctiun. Small tlosi's, inortsover, of 
Bome of the latter ailts wure poisonous. The salts 
of sodiiiin and potassium, wheu iiijeotecl iiitu the veins 
of aniinals, likewise diflfer widely in their action. The 
so-called earthy salts produce hardly any effect on 
Droaera. On the other hand, most of the metallic 
salts nanse rapid and strong inflection, and are higlily 
poisonous ; but there are some odd exceptions to this 
rule; thus chloride of leml and zinc, as well as two 
Wilts of barium, did not cause inflection, and were not 
poisonous. 

Most of the acids which wore trieil, though much 
diluted (one part to 437 of water), and given in small 
doses, acted powerfully on Drosera ; nineteen, out of the 
twenty-four, causing the tentacles to be more or less 
inflected. Most of them, even the organic acids, are 
poisonous, often highly so ; and this is remarkable, as 
the juices of so many plants contain acids. Benzoic 
Bcid, which is innocuous to animals, seems to be as 
poisonous to Drosera as hydrocyanic. On the other 
hand, hydrochloric acid is not poisonous either to 
animals or to Drosera, and induces only a moderate 
amount of inflection. Many acids excite the glands to 
secrete an extraordinary quantity of mucus; and the 
protoplasm within their cells seems to be often killed, 
as may be inferred from the surrounding fluid soon 
becoming pink. It is strange that allied acids act 
very differently; formic acid induces very slight in- 
flection, and is not poisonous ; whereas acetic acid of 
the same str^mgtb acts most powerfully antl is jku- 
sonous. Lactic acid is also poisonous, but 
inflection only after a. considerable lapse of time. 
Malic acid acts slightly, whereas citric and tartaric 
tcids produce no effect. 
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In ihe niufli chapter the effecls of the absorption of 
various alkaloids and certain other substunces were 
described. Although aonie of these are poisonous, yet i 
as several, which act powerfully on the nervous syatem 
of animals, produce no effect on Drosera, we may infer 
that the extreme sensibility of the glands, and their 
power of trunamitting an influence to other parts of ' 
the leaf, causing movement, or modified secretion, or 
aggregation, does not depend on the presence of a 
diffused element, allie<i to nerve-tissue. One of the 
most remarkable fa^^ts is that long immersion in the 
poison of the cobra-anako does not in the least 
check, but rather stimulates, the siwutaneoua move- 
ments of the protoplasm in the cells of the tentacles. 
Solutions of various salts and acids behave very dif- 
ferently in delaying or in quite arresting the sub- 
sequent action of a solution of phosphate of ammonia. 
Camphor dissolved in water acts as a stimulant, as 
do small doses of certain essential oils, lor they canse 
rapid and strong inflection. Alcohol is not a stimu- 
lant. The vapours of camphor, alcohol, chloroform, 
sulphuric and nitric ether, are poisonous in moderately ■ 
large doses, but in small doses serve as narcotics or \ 
antesthetica, greatly delaying the subsequent action ; 
of meat. But some of these vapours also act as stimu- 
lants, exciting rapid, almost spasmodic movements in 
the tentacles. Carbonic acid is likewise a narcotic, j 
and retards the aggregation of the protoplasm when j 
carbonate of ammonia is subsequently given. The first ' 
access of air to plants which have been immersed in j 
this gas sometimes acts as a stimulant ami indnceA | 
movement. But, as before remarked, a special phanuft* I 
eopoeia would be necessary to describe the diversified j 
etfei^ts of various substanceit on the leaves of Drosera. 

In the tenth chapter it was shown that the sensitiTO* J 
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nes9 of the leftvea appeai-s to be wholly couJiiied to 
the glands and to the immediately underlying ceils. 
It was further shown that the motor impulse and other 
forces or influences, proceeding from the glands when 
excited, pass through the cellular tissue, and not along 
the tibro-vaauuiar bundles. A gland sends its motor 
impulse with great rapidity down the petlieel of the 
same tentacle to the basal part which alone bends. The 
impulse, then passing onwards, spreads on all sides to 
the surrounding tentacles, first affecting thuae which 
stand nearest and then those farther off. But by being 
thus spread out, and from the cells of the disc not 
being so much elongated as those of the tentacles, it 
loses force, and here travels much more slowly than 
down the pedicels. Owing also to the direction and 
form of the cells, it passes with greater ease and cele- 
rity in a longitudinal than in a transverse line across 
the disc. The impulse proceeding from the glands of 
the extreme marginal tentacles does not seem to have 
force enough to affect the adjoining tentacles ; and 
this may be in part due to their length. The impulse 
from the glands of the next few inner rows spreads 
chiefly to the tentacles on each side and towards the 
centre of the leaf; but that proceeding from the glands 
of the shorter tentacles on the disc radiates almost 
equally on all sides. 

When a gland is strongly excited by the quantity 
or quality of the substance placed on it, the motor 
impulse travels farther than from one slightly excited ; 
and if several glands are simultaneously excited, the 
impulses from all unite and spread still further. As 
soon as a gland is excited, it discharges nn impulse 
which extends to a considerable distance ; but after- 
wards, whilst the gland is secreting and absorbing, 
the impulse suHices only to keep the same tentacle 
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inflected ; though the inflectiun may last for many 
(lays. 

If the bendiijg place of a tentacle receives an impulse 
from ita own gland, the movement is always towards 
the centre of the leaf; and so it is with all the 
tentacles, when their glands are excited by immer- 
sion in a proper iluid. The short ones in the middle 
part of the disc must be excepffid, as these do not 
bend at all when thus excited. On the other hand, 
when the motor impulse comes from one side of the 
disc, the surrounding tentacles, including the short 
ones in the middle of the disc, all bend with pre- 
cision towards the point of excitement, wherever this 
may be seated. This is in every way a remarkable 
phenomenon ; for the leaf falsely appears as if en- 
dowed with the senses of an animal. It is all the 
more remarkable, as when the motor impulse strikes 
the base of a tentacle obliquely with respect to its 
flattened surface, the contraction of the cells must be 
confined to one, two, or a very few rows at one end. 
And difierent sides of the surrounding tentacles must 
be acted on, in order that all should bend with pre- 
cision to the point of excitement. 

The motor impulse, as it spreads from one or more 
glands across the disc, enters the bases of the sur- 
rounding tentacles, and immediately acts on the bend- 
ing place. It does not in the first place proceed up 
the tentacles to the glands, exciting them to reflect 
back an impulse to their bases. Nevertheless, some 
influence is sent up to the glands, as their secre- 
tion is soon increased and rendered acid ; and then 
the glands, being thus excited, send back some other 
influeuee (not dependent on increased secretion, nor 
on the inflection of the tenfjurles), causing the proto- 
plasm to aggTL-giite in cell beneath cell. This may 
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be Ciillwl a reflex action, tbmigii prolnibly very dif- 
ferent from that proceeding from the nerve-ganglion 
of ttti animal ; and it is the only known case of reflex 
action in the vegetable kingdom. 

About the mechanifim of the movements und the 
nature of the motor impulse we know very little. 
During the act of inflection fluid certainly travels from 
one part to another of the tentacles. But the hypo- 
thesis which agrees beat with the observed facts is 
that the motor impulse is allied in nature to the 
aggregating pnwess ; and that this causes the mole- 
cules of the cell-walk to approach eaeh other, in the 
some manner as do the molecules of the protoplasm 
within the cells ; so that the cell-walls contract. But 
some strong objections may be urged against this view. 
The re-expansion of the tentacles is largely due to 
the elasticity of their outer cells, which comes into 
play as soon as those on the inner side cease con- 
tracting with prejwtent force ; hut we have reason to 
suspect that fluid is continually and slowly attracted 
into the outer cells during the act of re-expansion, 
thus increasing their tension. 

I have now given a brief recapitulation of the chief 
points observed by me, with respect to the struc- 
ture, movements, constitution, and habits of Drosera 
rotundifolia ; and we see how little has been made out 
in comparison with what remains unexplained and 
unknown. 
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Droirra aitgliea — Droeera intcrntf rfio — Drasera i 
tpathidnla — Droiera fiUfomiii — Drotera biiu 
remaikd. 



— CoaolodiDg 



I EXAMINED six Other species of Drosera, some of 
them inhabitants of distant countries, chiefly for the 
Bake of ascertaining whether they caught insects. This 
seemed the more necessary as the leaves of some of 
the species differ to an extraordinary degree in shape 
from the rounded ones of Urosera rotu7ulif<^ia. In 
functional powers, however, they differ very little. 

liTitteia awiliivi (Hudson).* — The Itavcs of this species, which 
waa eent to me from IreliLiid, aro much elon^ted, and graduully 
widen from the footstalk to the bluntly pointed apes. They 
sltind almost erect, and their blades sometimeR exceed 1 inch 
in length, nbilat their breadth ia only the | of ou inch. The 
glands of all the tentacles have the same strncture, so that the 
extreme marginal ones do not differ from the others, as in the 
case of Di oseni rotandi/oHa. When they are irritated by being 
roughly touched, or by t)je prctisuro of minute inorganic par- 
ticles, or by contact with animal matter, or by the absorption d 
carbonate of ammoaia, the tentacles become inflected ; the boMl 
portion being the chief seat of movement. Cutting or pricking 
the blade of the leaf did not excite any moveraeni They fre- 
qnently capture insects, and the glands of the inflected tentacles 
pour forth much acid secretion. Bite of roast moat were placed 
on some glands, and the tentoeles begon to move in 1 m. oc 

* Mre. Tiiat has ^yen an el- syaouym in port af Dntera «»• 

Oillent account in ' The American gHoa), o! Ihoeera nlundifolia and 

NuturaliBt," Deramber l87!l,p.7IKn, fillftmitit. 
ol Drotera longi/olia (which is u 
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1 m. 30 B.; and in 1 lir. 10 m. reaeheil the centre. Two bits of 
lioiled cork, one of boiled (hreBd, nod two of (^oul-findpra tftkon 
from tlie lire, were placed, by the nid of an iiiatrnment which 
had becu immurBed in boih*ng water, on five glitnils; th(.<ee snpur* 
tinoiis precantioDB having beon taken on account of H. Ziegler's 
Blatemuats. One of the particlpsof cinder caused some inflection 
in 8 hrs. 45 m., as did after 23 hrs. the other particle of cinder, 
the bit of threod, and both bits of cork. Three glanda were 
touched half a dozen timee with a needle; one of tlie tentacles 
becume well inflected in 17 m .and reeipanded after 24 hrs.; tlie 
two others never moved. The homogencaus fluid within the oelb 
of the tentacles undergoes aggregation after these have become 
inflected; especiftil J if given a solution of carbonate of ammonia; 
and I observed llie ugtial movements in the masiieB of proto- 
plasm. In one case, nggregiition enoned in 1 hr. 10 m. after a 
tentacle had carried a bit of meat to the centre. From these 
facta it is clear that tlie tetituclea of Oruurn angli'it behave like 
thOBe of Droiern rotiind'J'iJia. 

IS an insect is placed on the central glands, or hnn l«en 
nalnrally caught there, the apex of the leaf cutIh inwards. 
For instance, dead flies were placed on three leaves near their 
bases, and after 24 hrs, the previously straight apices were curled 
completely over, so as to embrace and conceal the flie«i thejhsd 
therefore moved through an angle of 160°. After three days the 
apei of one leaf, together with the tentacles, began to re-eipand. 
Bot as &r as I have seon^and 1 made many trials — the sides of 
the leaf are never inflected, and this is the one functional dilTer- 
enee between this species and Ilrosera rolun'iifotia. 

ZhtMera ifiUrmedia <,Uayne),~Tbis species is quite as common 
in some parts of England as Drosera rotiaidi/olia. It diflers from 
Droiera anglica, ns far as the leaves are concerned, only in their 
smaller size, and in their tips being generally a little reflexed. 
They capture a lai^e number of insects. The tentacles are excited 
into movement by all the causoa above epecified ; and aggregation 
ensues, with movement of the protoplasmic masses. I have seen, 
through a lens, a tentacle beginning to bend in less than a 
minute after a particle of raw meat had bei-n placed on the 
gland. The apex of the leaf curls over an exciting object as in 
the case of /tioKra anijUm. Acid seeretioii is copiously poured 
over captured insects. A leaf which had embraced a fly with 
all its tentacles re-eipandfd after nearly three days. 

Driteen aipni»it. — This specie", a native if the Cape of Good 
Hope, was sent to me by Dr. Hooker. The leaves are elongated, 
■lightly concave alung tlie middle and iaiier towards the apex, 
IS 
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wbich is bluntly pointed and refleied, Tbey rise from an almost 
woody Riis, and tlicir greatest peculiarity con§istfi in tl 
foliaceouB green footstalks, ^nich are almost as broad and even 
louger than tlie gland -hcoriDg blade. Tliia species, therefore, 
probably draws more nourishment from the air, nnd leas from 
captured iuBecta, than the other specieB of tho gonuB. Never- 
thetees, the tentacles are crowded together on the disc, and ars 
extremel; numerous; those on the margins being much loi_ 
than the central ones. All the glands have the same form ; theil 
secretion is extremely viscid and acid. 

Tlie specimen which I examined had only just recovered horn 
a weak state of health. This may account for the tentoclea 
moving very slowly when particles of meat were placed on 
glands, and perhaps for my never succeeding in causing any 
movement by repeiitedlj touching them with a needle, 
with all the species of the genus this latter stimulus is the 1 
effective of any. Particles of gloRs, cork, and coal-cinders, were 
placed on the glands of six tentaclee; and one alone moved after 
an interval of 2 hm. 30 m. Nevertheless, two glands were ex- 
tremely sensitive to very small doses of the nitrate of ammonia, 
namely to about ^ of a minini of a solotion (one part to 5250 
of water), containing only ij hb ^ "f * grain ('OOOSCa nig.) of 
the salt. Fragments of flics were placed on two loaves near their 
tips, which became incurved in 15 hrs. A fly wa« also placed in 
tlie middle of the leaf; in a few hours the tentacles on each aids 
embraced it, and in 8 hrs. the whole leaf directly beneath the 
fly was a little bent transversely. By the next morning, after 
23 hrs., the leaf was curled so completely over that the apex 
rested on the upper end of the footstalk. In no case did the 
sides of the leaves become inflected. A crushed fly was placed 
on tho foliaceous footstalk, but produced no effect. 

Vriitera ipalhi'lala (sent te me by Dr. Hooker). — ^I made onlya 
few observations on this Australian species, which has long, 
narrow leaves, gradually widening towards their tips. The J 
glands of the extreme marginal tentacles are elongated and AiSa J 
from the others, as in the case of liraaera rutund'fotia. A fly was. I 
placed on a leaf, and in 18 hrs. it was embraced by the adjoining J 
tentacles. Gum-water dropped on several leoves produced no 1 
effect. A fragment of a leaf was immersed in a few drops of a ^ 
snlation of oue part of carlionate of ammonia to 146 of wat«r; 
all the glands were instantly blackened ; the process of oggregft- j 
tion could be seen travelling rapidly down the cells of the ten- 
tacles; 3nd the granules of protoplasm soon united into spherea | 
and variously shaped mosses, which displayed the usual mor** 4 
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Half a minim of a Kohitiuri of one part of nitrnti; ol 
o 146 of water wns neit pliiced on the cealre of » leaf ; 
kftRT 6 hra. some mnrgiDal tentacles on both Hides were inflected, 
sud after 9 hrs. they met in the eentro. The lateral edges of tlM 
Imf also became incurved, so tliat it formed a half-cjUiider ; but 
the apex of tlie luaf in none of my few trinlB was inflecteii. Tha 
slioTe dose of the nitrate (vin. j|u of a grain, or "202 mg.) wbb too 
powerful, tor in the oourse of 23 hrs. the leaf died. 

Druwm fili/onniii. — Tliis North American species growg in 
such si'undance in parts of New Jersey as almost to cover the 
ground. It catches, oocording to Mrs, Treat,* an extraordinary 
number of siobU and large inseclB,— oven erent flies of the 
genus Asilns, moths, and bnttorflieH. Tiio Hpecim^'u whicli I 
examined, sent me by Dr. Hooker, had Uircad-like lesvoa, from 
6 to 12 inplies in length, with the upper RiirfHce convex and 
the lower flat and slightly ohanuoUed. The whole convex 
Biirfooe, down to the roots^for there is no distinct footstalk— ia 
covered with short gland-bearing tentacles, those on the mai^ns 
bcinif the longest and reflexed. Bits of meat placed on the 
glands of some tt^ntaclea caused tliom to be slightly inflected in 
SO m. ; but the plant was not in a viitorous slate. After ti hrs. 
they moved throngh an angle of 90^, and in 24 hrs. reached 
the centre. The surrouniling tentacles by this time began to 
curve inwards. Ultimately a large drop of extremely viscid, 
slightly acid secretion was poured over the meat from Uie 
nnitod glands. Several other glands were touched with a little 
saliva, and the tentacles became incurved in under 1 hr., and 
re-expanded after 18 hrs. Particles of glass, cork, cinders, 
thread, and gold-leaf, were placed on numerous glands on two 
leaves ; in about I hr. four tcntacleB became curved, and four 
others after an additional interval of 2 hra. 30 m. I never oni-e 
succeeded in cansing any movement by rei»vitedly touching the 
glands with a needle; and Mrs. Treat made similar trials for me 
with no success, Small fliee were placed on several leaves near 
their tips, but the thread-like blade became only on one occasion 
vpry sliglitly bent, directly beneath the insect. Perhaps tliis 
indicates that the blades of vigorous plants would bend ovei 
unptured iuHects, and Dr. Canhy informs me that this is the 
ease ; but the movement cannot be strongly pronounced, as it 
was not observed by Mrs. Treat. 

Drosei-a biiiata (oT dicAotama). — I am niiicli indebted to Lailj 
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DOTothj' Nevill for » hue plautor this fklmost giganlic Australian 
species, which differs io eoiae ioterostiDg points from those pra- 
Tiously described. In this Bpecimiin the rush-like footstalks of 
the leaves were 20 inches in length. The blnde hifarrates at ita 
juuotioa with the footstalk, and twice or thrice afterwards, cart- 
ing about in an irregular manner. It is narrow, being only ^ [ 
of un inch in breadth. One blade was 7^ inches long, so that i 
the entire leaf, inclTiding the footstalk, was above 27 inches ia j 
length. Both surfaces are slightly hollowed out. The npiier \ 
surface is covered with tentacles arranged in altornate re 
those in the middle being short and crowded together, t1 
towards tlie margins longer, even twice or thrice as long as the 
blade is broad. The glands of the exterior tentacles are <tf « . 
much darker red than those of the central ones. The pedicel! | 
of all are green. The apex of the blade is attenuated, and b< 
rerj long tentacles. Mr. Copland informs me that the leaves of ' | 
B plant which he kept for some years were generally coreied | 
with captured insects before they withered. 

The leaves do not differ in essential points of structure or of ' i 
function from those of the previously described species. Bits of 
meat or a little saliva placed on the glands of the exterior ' 
tentacles caused well-marked movement in 3 m., and particles 
of glass acted in 4 m. The tentacles with the latter particle! 
re-expandcd after 22 bxs, A piece of leaf immersed in a fev 
drops of a solutjon of one part of carbonate of ammonia to 437 
of wat«r had all the glands blackened and all the tentacles 
inflected in 5 m. A bit of raw meat, placed on several glands ia 
the medial furrow, was well clasped in 2 hrs. 10 m. by the mar- 
ginal tentacles on both sides. Bits of roast meat and small fiiet 
did not act quite so quickly ; and albumen and fibrin still leaa 
quickly. One of the bits of meat excited so ronch secretion ' 
(which is always acid) that it flowed some way down the medial 
furrow, causing the inflection of the tentacles on both sides a 
far as it extended. Particles of glass placed on the glands in tb 
medial furrow did not stimulate them sufScieutly for any moloe J 
impulse to be sent to the outer tentacles. In no rase was 
blade of the leaf, even the attenuated apex, at all inflected. 

On both the upper and lower surface of the blade there otb M 
numerous minute, almost sessile glands, consisting of fonr.eigh^ f 
or twelve cells. On the lower Biirfnce tliey are pale purple, a 
the upper greenish. Nearly similar organs occur on the fbo^ ,J| 
stalks, hut they are smaller and oflen in a shrivelled conditioD, j 
The minute glands on the blade can absorb rapidly: thus, * J 
piece of leaf was iminersed in a solution of one part of carbcauM ' 
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of funmouia to 218 of wat«r (1 gr- to 2 oz.). Emd in 5 m. tlie; 
were &11 so much darkened kh to be almost black, with their 
contenta a^^gregated. Thty do not, ns liir as I could obfierve, 
secrete sponttineouRly ; hut in between '2 and 3 hrK. afl«r a 
leaf had l>een rubbed with n bit of raw meat moistened with 
saliva, they seemed to be secretinf; freel;; and this conclusion 
waa afterwards supported by other appeoranceB. Thej are, 
therefore, homologous with the sessile glands hereafter to bo 
described on the leaves of DionFoa and Drosophyllum. In 
thJH latter genus they are aaBodated, as in the present case, with 
glands which secrete spontaneously, that is, without beinft 
eicitod. 

Driarni binatii presents another and more remarkatile pecu- 
liarity, namely, the presence of a few tentncles on the backs o' 
the leaves, near their margins. Those are perfect in structure; 
spiral vessels run up their pedicels; their glands are sur- 
rounded by drops of viscid secretion, and they have the power oi 
absorbing. This latt«r fact was shown by the glands imme- 
diately becoming black, and the protoplasm agrrregaled, when 
a leaf was placed in a little solution of one part of carbonate 
of ammonia to 437 of water. These dorsal tentacles are short, 
□ot being nearly so long as the marginal ones on tlie upper 
surface; some of them are so short as almost to gradunt-e into 
the minute sessile glands. Their presence, nunilwr, and »\ze, 
vary on different leaves, and they are arranged rather irre- 
gularly. On the back of one leaf I counted as many as twenty- 
one along one side. 

These dorsal tentacles differ in one important respect from 
those on the upper surface, namely, in not possessing any power 
of movement, in nhatevermanner they may be stimulated. Thus, 
portiooa of fuur leaves wore plocod at different times in soluUonn 
of carl>onatc of ammonia (one part to 437 or 218 of water), and 
all the tentacles on the upper surface soon became closely 
inflected ; but the dorsal ones did not move, though the leavea 
were loft in the solution for niany hours, and though theii 
glands from their blackened colour had obviously absorbed soma 
of the salt. Itnthor young leaves should be scleuted for snch 
trials, for the dorsal tcutitcles, as tlicy grow old and begin to 
wither, often Bpontiineously incliue towards the middle of the 
leaf. If these tentacles hud possessed the power of movement, 
they would not have been thiiN rendered more serviceable to th^ 
plant; for they are not long enough to bond round the mai^D 
of the leaf so as to reach an insect caught on the upper siirhce, 
Nor would it have Wn of any use if these tentuclcs could havt 
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moved towards the middle of the lower surface, for there aP8 
uo viacid glands there by which iusects call ba caught 
Although they have no ixiwer of moveraeiit, they are probably 
of some UEO by abtuirbing HnimBl matter from any ininuU) mseut. 
which may be canght by them, anil by alisorbjng ammonia from 
the raiu water. But tlieir varying presence and size, and their 
irregnlar poi«ttion, indicate that they are not of much aervicH, 
and that they are tfindiiig towards abortion. In a future chap- 
ter we ehall ace that BroGophyllum, with its elongated leaTSa, 
probably represents the condition of an early progenitor of the 
genus Drosera; andnoneof the tentaoleaofDroHophyllum, neither 
those on the upper nor lower aiirfaco of the loaves, are capable of 
moTemcnt whun excited, though they captui'e numerous insects, 
which serve as uutriment. Therefore it se«ms that Dnsen 
binat'i baa retained remnants of certain ancestral characters— 
namely a few motionless teuloeles on the bocks of the leaver 
and fairly well developed sessile glands — ^whieh have been lost b^ 
most or all of the other species of the genus. 

Concluding Bemarks.—Fiom what we have now aeon, | 
there can be little duubt that most or probably all the 
species of Drosera are adapted for catching inseuta by 
nearly the same means. Besides the two Australian 
species above described, it is said* tbvt two other 
species Irom this country, namely Drosera pallida and [ 
Drosera aulphurea, " close their leaves upon insects with \ 
" great rapidity : and the same phenomenon is mani- 
" fested by an Indian species, D. luneUa, and by several I 
" of those of the Cape of Gootl Hope, especially by | 
" D. tnnervis" Another Austnilian species, DroieMi M 
heterophijUa (made by Lindley into a distinct gemutV 
Scndera) is remarkable from its peculiarly shaped I 
leaves, but I know nothing of its power of catchiogJ 
insecta, for I have seen only dried speoimeus. Th»| 
leaves form minnte flatt'.'ned cups, with the footatalka J 
attached not to one margin, but to the Itottom. Thff J 
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inner surface and the edges of the cups are studded 
with tentacles, which include fibro-vascular bundles, 
rather diflerent from those seen by me in any other 
species ; for some of the vessels are barred and punc- 
tured, instead of being spiral. The glands secrete 
copiously^ judging from the quantity of dried secretion 
adhering to them. 
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Structura of the leaves — Svnsitivoneu of the filameuti — Bapfd 
movement of the lobca csusud by irritation uf the fllamenta — 
Glands, their power ol oeorctiun — Slow tnavement caused by tha 
absorption of animal mattur — Evideooo aC abeorption trom the 
ai^regated oondltloa of the glands ^ Digoetive power of the seen* 
tion — Action of ohlorororm, ether, and hydroojonio ooid — The 
manner in whiob inmnts are cupttlred ^ Uee of the marginal 
apikes— Kinds of iuBocta captured— Thotranamlsaion of the molnr 
inipulM and meebauiam of the movements ^ Ro-cxpaneion of the 



Tmii plaut, commonly called Venus' fly-trap, from the 
rapidity and force of its movements, is one of the most 
woudtrful in the world.* It is a member of the 
small family of the Drosoracea?, and is found only in 
the eastern part of North Carolina, growing in damp 
Bitiiations. The root« are small ; those of a mo- 
derately fine plant which I examined consisted of two 
branches about 1 inch in length, springing from a 
bulbous enlargement. They probably serve, as in the 
cose of Drosera, solely for the al)sorption of water ; 
for a gardener, who has been very anccesaful in the 
cultivation of this plant, grows it, like im epiphytic 
(irtrhid, in well-drained damp moss without any soil.t 
The form of the bilobed leaf, with its foliaceous foot- 
stalk, is shown in the accorapiinying drawing (fig. 12). 



• Dr, Hooker, in hi* address to the halilte of this plant, that It 

III!} Britixh AsBocintion ut Belfast, nonld he sii|)crlluoiia on mj piut 

1«74. hiw Kivtii so full nil hi«l^ri- to repent lhi-m. 

ail iMWiiiiil of thu ol]Bor*'atiouB t ■Gardem.T'B Cbroofoli,' IHT+ 

uliiah Lavo been publislied un p. llrl. 
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The two lobes stand at rather less than a right angle 
to each other. Thi-ee minute pointed prueesafS or 
filaments, placed triangularly, project from tlin upper 
surfaces of both ; but 1 have seen two leaves with four 
dlamenta on each aide, and another with only two. 
Theae filaments are remarkable from their extreme 
Henaitiveness to a touch, as shown not by their own 
movement, but by that of the lobes. The margins of 
the leaf are prolonged into sharp rigid projections 
which I will call spikes, into each of which a bundle 




of spiral vessels enters. The spikes stand in such 
a position that, when the lobes close, they inter-lock 
like the teeth of a rat-trap. The midrib of the 
leaf, on the lower side, is strongly devclopeil and 
prominent. 

The upper surface of the leaf is thickly covered, 
excepting towanls the margins, with minute glands of 
a reddish or purplish colour, the rest of the leaf being 
green. There are no glands on the spikes, or on the 
iblioccoua footstalk. The glands are formed of from 
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twcmty to thirty polygonal cells, filled with purple 
fluid. Their ujiper Burluee is convex. They stand on 
very short pedicels, into which spiral vessels do not 
enter, in which respect they differ from the tt- ntacles o£ 
Droaera. They seercte, but only when excited by the 
absorption of certain matters ; and they have the power 
of absorption. Minute projections, formed of eight 
divergent arms of a reddish-brown or orango colour, 
and appearing under the microsL'ope like elegant little 
fliiwers, are scattered in coustderablc numbers over the 
foot-stalk, the backs of the leaves, and the spikes, 
with a, few on the upper surface of the lobes. These 
octofid projections are no doubt homologous with the ' 
papillae on the leaves of Droaera rotundi/olia. There 
are also a few very minute, simple, jiointed hairs, 
about TT^ru-.i ('Ul-lS mm.) of an inch in length on the 
backs of the leaves. 

The sensitive filaments are formed of several rows 
of elongated cells, filled with purplish fluid. They 
are a little above the -^ of an inch in length ; are 
thin and delicate, and taper to a p<jint. 1 examined the 
bases of several, making sections of thejn, but no trace 
of the entrance of any vessel could be seen. The apex 
is sometimes bifid or even trifid, owing to a slight 
scjMiration between the terminal pointed cells. Towards 
the base there is constriction, formed of broader cells, 
beneath which there is an articulation, supported on 
an enlarged base, consisting of differently shaped poly- | 
gonal cells. As the filaments project at right angles 
to the surface of the leaf, they would have been liable 
to 1)6 broken whenever the lobes dosed together, had 
it not been for the articulation which allows them Lo 
beud flat dowTi, 

These filaments, from their tips to their bases, are e: 
quisitely sensitive to a momentary touch. It is scaroely i 
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possible to touch them ever so lightly or quickly 
with any hard object without causing the lobes to 
close. A piece of very delicate humau hair, 2^ inches 
in length, held dangling over a filaineal, and aw«ye<l 
to and fro so as to touch it, did not excite auy move- 
ment. But when a rather thick cotton thread of the 
same length was sbnilarly swayed, the lobes closed. 
Pinches of fine whoaten flour, dropped from a height, 
produced no effect. The above-mentioned hair was 
then fixed into a handle, and cut off so that 1 inch 
projected ; this length being sufficiently rigid to sujh 
port itself in a nearly horizontal line. The extremity 
was then brought by a slow movement laterally into 
contact with the tip of a filament, and the leaf instantly 
closed. On another occasion two or three touches of 
the same kind were necessary before any movement 
ensued. When we conaider how flexible a fine hair 
is, we may form some idea how slight must be the 
touch given by tho extremity of a piece, 1 inch in 
length, moved slowly. 

Although these filaments are so sensitive to a momen- 
tary and delicate touch, they are far less sensitive than 
the glands of Drosera to prolonged pressure. Several 
times I succeeded in placing on the tip of a filament, 
by the aid of a needle moved with extreme slowness, 
bits of rather thick human hair, ami these did not 
excite movement, although they were more than ten 
times aa long as those which caused ihe tentacles of 
Diosera to hend ; and although in this latter case they 
were largely supported by the dense secretion. On 
the other hand, the glands of Drosera may be strnck 
with a needle or any hard object, once, twice, or even 
thrice, with considerable force, and no movement 
ensues. This singular difference in the nature of 
the sensitiveness of the filuments of Dionai'a and of 
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the glands of Dioaera evidently stands in relation to 
tbe bubits of the two plants. If a minute insect aligbts 
witb its dt-licate feet on the glands of Drosera, it is 
caught by the viscid secretion, and tbe slightj though 
prolonged pressure, gives notice of the presence of 
prey, wbicb is secured by the slow bending of the 
tentacles. On tbe other hand, tbe sensitive filameiits 
Dionica are not viscid, and the capture of insects 
can be assured only by their sensitiveness to a 
momentary touch, followed by the rapid closure of 
the lobes. 

As just stated, the filaments are not glandular, and 
do not secrete. Nor have they the power of absorption, 
as may be inferred from drops of a solution of car- 
bonate of ammonia (one [lart to 146 of water), placed 
on two filaments, not producing any effect on the 
contf-nts of their cells, nor causing tbe lobes to close. 
When, however, a small portion of a leaf with an 
attached filament was cut off and immersed in the same 
solution, tbe fluid within tbe basal cells became almost 
instantly aggregated into purplish or colourless, irre- 
gularly shaped masses of matter. The process of 
aggregation gradually travelled up the filaments from 
cell to cell to their extremities, that is in a reverse 
course to what occurs in the tentacles of Drosera when 
their glands have been excited. Several other fila- 
ments were cut off close to tbeir bases, and left for 1 hr. 
30 m. in a weaker s<.>lution of one part of the carbonate 
to 218 of water, and this caused aggregation in all 
the cells, commencing as before at the buses of the 
filaments. 

Long immersion of the filaments in distilled water 
likewise causes aggregation. Nor ia it rare to find 
the contents of a few of the terminal cells in a 
a|RHttaneously aggregated condition. The aggregated 
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mtisses undergo incessant sluw chauges of form, tuiiting 
and again separating ; anil some of them uppareni.ly 
rt!Volve round their own uses. A current of culunrlcaa 
granular piotopliism could also be set-n travelling 
round the walls of the cells. This cuiTent ceosos to 
visible as soun iis the contents are well aggregated ; 
but it prolmbly still continues, though no longer 
visible, owiug to all the granules in the flowing layer 
having become united with the central masses. In all 
tbese respects the filaments of Uioncea behave exactly 
like the tentat^lea of Drosera. 

Notwithstanding this similarity there is one re- 
markable difference. The tentacles of Drosera, after 
their glands have been repeatedly touched, or a particle 
of any kind has been placed on them, become inflected 
and strongly aggrogutcd. No such effect is pro- 
duced by touching the filaments of Dioniou ; I com- 
pared, after an hour or two, some which had been 
touched and some which had not, and others ofti-r 
twenty-five hours, and there was no difference in the 
contents of the cells. The leaves were kept open all 
the time by clips; so that the filaments were not 
pressed against the opposite lobe. 

Drops of water, or a thin broken stream, falling 
from a height on the filaments, did not cause the 
blades to close ; though these filaments were afterwards 
proved te be highly sensitive. No doubt, as in the 
case of Drosera, the plant is indifferent to the heaviest 
shower of rain, Drops of a solution of a half an ouncb 
of sugar to a fluid ounce of water were repeatedly 
allowed to fall from a height on the filaments, but 
produced no effect, unless they adhered to them. 
Again, I blew many times through a fine pointed 
tubo with my utmost force against the filaments 
without any effect; such blowing being received 
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^M with as mucli iiidifTereiice as iii> doubt is a hea^*; gala 

^M of wind. We tlius see that tho sensitiveness of the 

^m ^laments is of a specialised nature, being related to a 

^M momentary touch rather tliun to prolonged pressure ; 

^M and the touch must not be from fiuids, such as air or 

^M water, but from some solid object. 

^M Although drops of water and of a moderately strong 

^1 solution of sugar, falling on the filaments, does not 

^f excite them, yet the immersion of a leaf in pure water 

sometimes caused the lubes to close. One leaf was left 

immersed for 1 hr, 10 m., and three other leaves for 

Bome minutes, in water at temperatures varying be- 

Itween 59° and 65° (15° to 18°'3 Cent.) without any 
effect. One, however, of these four leaves, on being 
gently withdrawn from the water, closed rather 
quickly. The three other leaves were proved to be in 
good condition, as they closed when their filaments 
were touched. Nevertheless two fresh leaves on being 
dipped into water at 75" and 62^° {23'-S and 16°-9 
Cent.) instantly closed. These were then placed with 
their footstalks in water, and after 2S hrs. partially 

Ire-expanded ; on touching theii filaments one of 
them closed. This latter leaf after an additional 
24 hrs. again re-expanded, and now, on the filaments 
of both leaves being touched, both closed. We thus 
see that a short immersion in water does not at all 
injure the leaves, but sometimes excites the lobes 
to close. The movement in the above cases was 
evidently not caused by the temperature of the water. 
Tt has been shown that long immersion causes the 
purple fluid within the cells of the sensitive filaments 
to become aggregated ; and the tentacles of Drosera 
are acted on in the same manner by long immersion, 
often being some*liat inflected. In both cases th« 
result is probably due to a slight degree of exo8inos& 
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I am confirmed in this belief by the cffiiets oi 
immersing a leaf uf Dionica in a moderately strong 
solution of sugar ; the leaf having been previously left 
for 1 hr. 10 m, in water without any efi'ect ; for now the 
lobes closed rather quickly, the tips of the marginal 
spikes crossing in 2 m. 30 s., and the leaf being com- 
pletely shut in 3 m. Three leaves were then immersed 
in a solution of half an ounce of sugar to a fluid 
ounce of water, and all three leaves closed quickly. 
As I was doubtful whether this was due to the cells on 
the upper surface of the lobes, or to the sensitive fila- 
ments, being acted on by exosmose, one leaf was first 
tried by pouring a little of the same solution in the 
furrow between the lubes over the midrib, which is the 
chief seat of movement. It was left there for some time, 
but no movement ensued. The whole upper surface of 
leaf was then painted (except close round the l>ases of 
the sensitive filaments, which I could not do without 
risk of touching thera) with the same solution, but 
no effect was produceil. So that the cells on the upper 
surface are not thus affected. But when, after many 
trials, I succeeded in getting a drop of the solution to 
cling to one of the filaments, the leaf quickly closed. 
Hence we may, I think, couclude that the solution 
causes fluid to pass nut of the delicate cells of the 
filaments by exosmose ; and that this sets up some 
molecular change in their contents, analogous to that 
which must be produced by a touch. 

The immersion of leaves in a solution of sugar 
affects them for a much longer time than does an 
immersion in water, or a touch on the filaments; for in 
these latter caaes the lolws begin to re-expand in less 
than a day. On the other hand, of the three leaves 
which were immersed for a short time in the solution, 
iind were tlien washed by means of a syringe inserted 
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between the lobea, one re-expanded after t«'o dnys; 
a second after seven days ; and the third after nine 
days. The leaf which closed, owing to a drop of the 
solution having adhered to one of the fii amenta, 
oprned after two days. 

I was surprised to find on two occasions that the 
heat from the rays of the sun, concentrated by a lens 
on the bases of several filaments, so that they were 
scorched and discoloured, did not cause any move- 
ment ; though the leaves were active, as they closed, 
though rather slowly, when a filainent on the opposite 
side was touched. On a third trial, a fresh leaf closed 
after a time, though very slowly; the rate not being 
increased by one of the filament-s, which had not been 
injured, being touched. After a day these three leaves 
opened, and were fairly sensitive when the uninjured 
filaments were touched. The sudden immersion of a 
leaf into boiling water does not cause it to close. 
Judging from the analogy of Drosera, the heat in 
these several cases was too great and too suddenly 
applied. The surface of the blade is very slightly 
sensitive ; it may be freely and roughly handled, with- 
out any movement being caused, A leaf was scratched 
rather hard with a needle, but did not close ; but when 
the triangular space between the three filaments on 
another leaf was similarly scratched, the lobes closed^ 
They always closed when the blade or midrib waa 
deeply pricked or cut. Inorganic bodies, even of large 
size, such as bits of stone, glass, &c. — or organic bodies J 
not containing soluble nitrogenous matter, such as bita J 
of wood, cork, moss, — or Iwdies containing soluble \ 
nitrogenous matter, if perfectly dry, such as bite, of | 
meat, albumen, gelatine, Ac, may be long left (and l 
many were tried) on the lobes, and no movement u i 
excited. The result, however, is widely difi'erent, as w« 
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>hall presently sec, if nitrogenoua organic bodies niiicli 
Bre at all dump, are lel't on the lobes ; fur thesi! then 
(•lose by a slow and gradiinl movement, very different 
from that caused by touching one of the sensitive fila- 
ments. The tbotetalk is not in the least sensitive ; 
a pin may be driven through it, or it may he cut off, 
and no movement follows. 

The upper surface of the lobes, as already stated, 
is thickly covered with small purplish, almost sessile 
glands. These have the power both of secretion 
and absorption; but unlike those of Drosera, they 
do not secrete until excited by the absorption o( 
nitrogenous matter. No other excitement, as far as I 
have seen, produces this effect. Objects, such as bits 
of wood, cork, moss, paper, stone, or glass, may be left 
for a lengtli of time on the surface of a leaf, and it 
remains quite dry. Nor does it make any difference if 
the lobes close over such objects. For instance, some 
little balls of blotting paper were placed on a leaf, 
and a filament was touched ; and when after 24 hrs. 
the lobes began to re-open, the balls were removed by 
the aid of thin pincers, and were found perfectly dry. 
On the other hand, if a bit of damp meat or a cmshed 
fly is placed on the surface of an expanded leaf, the 
glands after a time secrete freely. In one such case 
there was a little secretion directly beneath the meat 
in 4 hrs. ; and alter an additional 3 hrs. there was a 
considerable quantity both under and close round it. 
In another case, after 3 hrs. 40 m., the bit of meat was 
quite wet. But none of the glands secreted, except- 
ing those which actually touched the meat or the 
secretion containing dissolved animal matter. 

If, however, tJie lobes are made to close over a bit of 
meat or an insect, the result is different, for the glands 
iiver the whole surface of the leaf now secrete copiously, 



I 



DION.EA HDSCIPOLA. ChW. Xltt 

As in this case tlie glands on both Rides are pressed 
iipiiust the meat or insect, the secretion irimi the first 
is twii-o us great as when a bit of meat is hiid on tlie 
snrl'ace of one lobe; and as the two lobes come into 
almost close contact, the secretion, containing dis- 
solved animal matter, spreads by ctipillary attraction, 
wiuaiug fresh glands on both sides to begin secreting 
in a continually widening circle. The secretion is 
almost colourless, slightly mucilaginous, and, judging 
by the manner in which it coloured litmus paper, , 
mure strongly acid thau that of Drosera. It is so 
cojiious that on one occusion, when a leaf was cut 
open, on which a small cube of albumen had boea 
placed 45 hrs. before, drops rolled oil' the leaf. On 
another occasion, in which a leaf with an enclosed bit 
of roast meat spontaneously opened after eight days, 
there was so much secretion in the furrow over the 
midrib that it trickled down. A large crushed fly 
(Tipula) was placed on a leaf from which a small 
portion at the base of one lobe hafl previously been 
cut away, 80 that an opening was left ; and through 
this, the secretion continued to run down the footst^k 
during nine days, — -that is, for as long a time as it was 
observed. By forcing up one of the lobes, I was able 
to see some distance between them, and all the glands 
within sight were secreting freely. 

We have seen that inorganic and non-nitrogenona 
objects placed on the leaves do not excite any move- 
ment; but nitrogenous bodies, if in the least degree 
damp, cause after several hours tho lobes to close 
slowly. Thus bits of quite dry meat and gelatine were 
phvced at opposite ends of the same leaf, and in the 
course of 24 hrs. excited neither secretion nor move- 
ment. They were then dipped in water, their sur- > 
faces dried on blotting paper, and replaced on the sama 
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leaf, the plant being now coYereil with ft bcll-plass. 
After 24 hra. the dump moat hiwl excited some acid 
Btwretion, and the lobe^ at this end wf the leaf were 
nlmi)8t shut. At the other end, where the damp gela- 
tine lay, the leaf wiw still quite open, nor had any 
secretion been excited ; so that, as with Urosera, gela- 
tine is not nearly so exciting a substance as meat. 
'J'he secretion beneath the meat was tested by push- 
ing a strip of litmus paper under it (the filaments not 
being touched), and this slight stimulus caused the 
leaf to shut. On the eleventh day it reopened ; but 
the end where the gelatine lav, expanded several hours 
before the opposite end with the meat. 

A second bit of roast meat, which appeared dry, 
though it had not been purposely dried, was left for 
24 hra. on a leaf, caused neither movement nor seere- 
tion. The plant in its pot was now covered with a 
bell-glass, and the meat absorbed some moisture from 
the air ; this sufSeed to excite acid secretion, and by 
the next morning the leaf was closely shut. A third 
bit of meat, dried so as to be quite brittle, was placed 
on a leaf under a bell-glass, and this also became in 
24 hra. slightly damp, and excited some acid secretion, 
but no movement. 

A rather large piece of perfectly dry albumen was 

left at one end of a leaf for 24 hrs. without any 

effect. It was then soaked for a few minutes in 

water, rolled about on blotting paper, and replaced 

on the leaf; in 9 hrs. some slightly aoid secretion 

was excited, and in 24 hrs. this end of the leaf was 

partially closed. The bit of albumen, which was now 

^L surrounded by much secretion, was gently removed, 

^1 and although no filament was touched, the lobes 

^1 eloped. In this and the previous case, it appears that 

^H the absorption of animal mutter by the glands renders 
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^H the surface of the leaf much more sensitiTe to a tonch \ 

^m thna it is Iq its ordiiiAry state ; and this is a corioaa 

^T l^t- Two days afterwards the end of the leaf where 

nothing had been placed began to open, and on the 
third day was much more ojK-n than the opposite end : 
where the albumen had lain. 

• Lastly, large drops of a solntion of one part of car- 

bonate of ammonia to 146 of water were placed on 
some leaves, but no immediate movement ensued, I 
did not then know of the slow movement caused by | 
animal matter, otherwise I should have observefl the 
leaves for a longer time, and they would probably j 
have been found closed, though the solution (judging | 
from Drosera) was, perhaps, too strong. 

From the foregoing cases it is certain that bits of !. 
meat and albumen, if at all damp, excite not only the I 
glands to secrete, but the lobes to close. This i 
ment is widely different from the rapid closure caused 

I by one of the filaments being touched. We shall see 

its importance when we treat of the manner in which 
insects are captured. There is a great contrast be- 
tween Drosera and Diontea in the effects produced by 
mechanical irritation on the one hand, and the absorp* j 
tion of anunal matter on the other. Particles of glasi I 
placed on the glands of the exterior tentacles of Dro ; 
sera excite movement within nearly the same timet i 
as do particles of moat, the latter being rather the j 
most efficient; but when the glands of the disc have { 
bit« of meat given them, they transmit a motor impulse i 
to the exterior tentacles much more quickly than do j 
these glands when bearing inorganic particles, ot ] 
when irritated by repeated tonchea. On the other 
hand, with Dioniea, touching the filaments exeitea ] 
K incomparably quicker movement than the ahsorptioi 

^h of animal matter by the glands. Nevertheless, in ] 
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certain ciiacs, this latlet stimnhis is the more powerful 
of the two. Ou three occasions leaves were found 
which from Bome cause were torpid, so that their lobes 
clesed ouiy slightly, howcTer much their filameut* 
were irritated ; but on inaerting crushed insects 
between the lobes, they became iu a day closely shut. 
The facta juat given plainly show that the glands 
have the power of absorption, for otherwise it is im- 
possible that the leaves should be so dift'ereutty af- 
fected by Qon-uitrogeuouB and nitrogenous bodies, and 
between these latter in a dry and damp condition. It 
is surprising how slightly damp a bit of meat or albu- 
men need be in order to excite secretion and afterwards 
slow movement, and equally surprising how minute a 
quantity of animal matter, when absorbed, snfficea to 
produce these two effects. It aeems hardly credible, 
and yet it is certainly a fact, that a bit of hard-boiled 
white of egg, first thoroughly dried, then soaked 
for some minutes in water and rolled on blotting 
paper, should yield in a few hours enough animal 
matter to the glands tiy cause them to secrete, and 
afterwards the lobes to close. That the glands have 
the power of absorption is likewise shown by the very 
different lengths of time {as we shall presently see) 
during which the lobes remain closed over insects and 
other bodies yielding soluble nitrogenous matter, and 
over such as tlo not yield any. But there is direct 
evidence of absorption in the condition of the glands 
which have remained for some time in contact with 
animal matter. Thus bits of meat and crushed insects 
were several times phu-ed on glands, and these were 
compared after some hours with other glands from 
distant parts of the same leaf. The latter showed 
uot a trace of aggregation, whereas those which 
had been in contact with the animal matter were 
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well aggregated. Aggregation may be seen to occur 
very quickly if a piece of a leaf is immersed in 
a weak solution of carbonate of ammonia. Again, 
small cubes of albumen lunl gelatine were left for 
eight daya on a leaf, which was then cut open. The 
whole surface was batheil with acid accretion, and 
every cell in the many glands which were examined 
had its contents aggregated in a beautiful mannei 
into dark or pale purple, or colourless glubnlai 
masses of protoplasm. These underwent iuceasant 
slow changes of forms ; sometimes separating from 
one another and then reuniting, exactly as in the 
cells of Drosera. Boiling water makes the contents 
of the gland-cells white and opaque, but not so 
purely white and porcelain -like as in the case of 
Drosera. How living insects, when naturally canght^ 
excite the glands to secrete so quickly as they do, I 
know not; but I suppose that the great pressure to 
which they are subjected forces a little excretion 
from either extremity of their bodies, and we have 
Been that an extremely small amount of nitrogenous 
matter is sii flic lent to excite the glands. 

Before passing on to the subject of digestion, I may 
state that 1 endeavoured to discover, with no success, 
the functions of the minute octofid pr(x;cssea with 
which the leaves are studded. From faots hereafter to 
be given in the chapters on AMrovanda and Utrica- 
laria, it seemed probable that tbey served to absorb 
decayed mutter left by the captured insects; but 
their position on the backs of the leaves and on the 
footstalks rendered this abnost impossible. Never- 
theless, leaves were immersed in a solution of one part 
of urea tij 4.37 of water, and after 24 hrs. the orange i 
layer of protfjplasni within the arms of those processei 
did not appi;ar more aggregated than in other speui- 
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nieiia kept in water. I then tried suspending a leiif 
in a bottle over an exceasively putrid infusion of 
mw meat, to see whether they al»orbod the vapour, 
but their contents were not aflected. 

Diijealive Power of the Secretion.* — When a. leaf closes 
over any object, it may bo said to form itself into » 
tem[>orary stomach ; and if the object yields ever so 
little animal matter, this serves, to use 8fhifl"s exjires- 
sion, as a peptogene, and the glands oq the surface 
pour forth their acid seeretioii, which acts like the 
gastric juice of animals. As so many experiments 
were tried on the digestive power of Drosera, only a 
few were made with Dionita, but they were amply 
sufficient to prove that it digests. This plant, more- 
over, is not so welt fitted as Brosera for observation, 
as the process goes on within the closed lobes. InseL-ts, 
even beetles, after being subjected to the secretiou for 
several days, are surprisingly softened, though their 
chitinous coats are not corroded. 



E-^l. 



'lit 1.— A culie of alhumen of ^ of nn im-li (2540 
placed Bt onu cud of a ]<m{, and at the ollior end 
oblong pioce of gelatine, i of bq inch (5-08 mm.) lonR, and 
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• Dr. W. M. Canby, ftf Wil- 
l>iinKt<''>i t" wlinm I un miicb 
indet'ted for iiifomullnn re^rd- 
iug IHnnina in iU lativa hnme, 
hu pnbliHliui in tho 'Giirdener'a 
HonthI;,' Philsilulpliin, Aug:u»t 
l8iiH, »om8 inU-Trnting oWrTii- 
tinng. Ho ruct-TbiiiKit tlint Ihu 
MWrelinii di^cstK aiiiniul inuttur, 
■nnh luj the: (!ODk<iJU of iimects, 
biia of mnil, Ac, ; und that Uw 
M^erelinn ie rciibii'irliDd. He wiu 
sIbo well nu'ikre thut tho lohca 
rcaiiin cliHvd fur a muoh Innicei 
tine when in ontitoct with uiiiinul 
mailer tlum whoa nuule to shut 



not fielding wiliiblc niitKmont; 
and tbat in these latter aisuti the 

g'anda do not secrete. The Khv. 
r. Curtis tiret olwerved (' Bnstnn 
Jnnmul Nat Htxt.' vol. i. p. 1^1) 
the BMretioii from the ^kliiU. I 
maf here odd tliat a gardener. 



lnol(i)j;y/ laia, vpi. i. p. tvii/ hi 
have found ttint a plant of the 
Iiiona», on the ln>ve> of wliioli 
" be liiid flno filunoiita of raw 
beef, wim idiwIi tnorr- liuinriiint 
in it» erowth tbitu othvn not m 
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^ htoad; the leaf wns then made to cioBe. It was cut open 
after 45 hre. The alhuuien iras hnrd and coniprefised, with 
jta angles oulj' a little roinidixl ; the gelatine was comxleJ iulo 
ail oTal form ; and both were bathed iii bo much acid Becreti'in 
that it dropped off the leiif. The digestive procexE apparently 
is rather alower than in DrOBorn, aud this opreeM with tlie length 
of time during which the luuveH reuioin closed over digcEtitilu 
objects. 

Ai/wii'm-n' 2.— A bit of albiimeii ^ of an inch squore, but 
only ^ in thtckDesa, and a piei.'e of gelatine of the i<anic ni^e as 
before, were placed on a leaf, which eight days afterwards was 
cut open. The surface was bathed with slightly adhesive, rery 
acid BccretioD. and the glands v/eva all in au aggregated condi- 
tion. Not a vestige of the albumen or gelatine was left. Simi- 
larly sized piccus were placed at the samo time on wet mosa on 
the same pot, ao that they were subjected to nearly similar oes- 
ditions ; after eight days theae were brown, decayed, aud matted 
with Qbres of mould, but hod not disappeared.* 

Krjierimei-t 3. — ^A piece of albumen ^ of an inuh (3"81 mm./ 
long, and ^ broad and thick, and a pieco of gelatine of the 
Buine sine as before, were placed on another leaf, wliich was ont 
oiwn after seven dnya; not a yeetige of either Buljstaace wa« 
left, and only a moderate amount of secretion on the aiirface. 

Exi'triment 4. — Pieces of altmmen and gelatine, of the same 
tazo as in the last experiment, were placed on a leaf, whicli 
spontaneously opened after twelve days, and here again not ft 
vestige of either was left, aud only a tittle secretion at one eud 
of the midrib. 

Exjirrimenl 5. — Pieces of albumen and gelatine of the same 
size were placed on another leal^ which after twelve daya wu 
still firmly cloeed, but had tiegnu to wither; it woe cut open, 
and contained nothing except a vestige of brown matter when 
the albumen hod lain. 

Hci-erimnil G. — A cube of albumen of ^ of an inch and a 
piece of gelatine of the same size ai before were placed on ft 
haf, which opened spontaneously after thirteen days. The 
albumen, which was twice as thicii as iu the latter experiment^ 
was too large ; for the glands in contact with it were ii^urad 
rtrid wore dropping off. a film also of albumen of a brown 
(■>)lour, matted with mould, was left. All the gelatine was 
absorbed, and there was only a little acid secretion left on 
tlie midrib. 

hlxpfrimiii 7. — A hit of half roasted meat (not meaimred) and 
a bit of gelatine were placed on the two ends of a leaf, whidi 
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opened gpoDtftnoonel}' after elevctn days ; a TesUge of the meat 
was left, and the surface of the leaf was here hlaclietK^ - the 
gelatine had all diBappeared. 

Experiment 8. — A bit of half roastecl meat (not meaenred) 
wns placed on a leaf wliich was forcibly kept open by a clip, bo 
tliat it wan nioislvned with the eocretioo (very acid) nnly dii ita 
lowur Eiirfac^. NevertheloHR, after only 2'Ji hrs. it was sur- 
prisiugly Boftoned, when mmpared with another bit of the 
earae meat which had been kept damp. 

t'x}itrinieiil 9. — A cul)e of -^ ot an inch ,of very compact 
roosted beef was placed on a Itaf, which opened Bponlaueously 
after twelve days ; so much feebly acid secretion was left on the 
leaf tliat it trickled off. The meat was completely disintegrated, 
but not all dissolved ; there was uo mould. The little muss was 
placed under the microecope; some of the fibrills in the middle 
Btill exhibits 1 transverne strim ; others showed uot a vestige 
of striie ; and every gradation (Miuld l>e traced l)etween these 
two states, Globules, apparently of fat, and some uDdigL«ted 
flbro-elostic tissue remained. The meat wna thus in the 
same state as that formerly dettcribedj which waa half di- 
gested by Brosera. Hero, again, as in the case of albumen, 
the digt^tjve process seems slower than in Droeera. At the 
opjiosite end of the some leaf, a firmly compressed pellet of 
bread had been placed ; tills was completely dis Integrated, I 
enpposo, owing to the digestion of the glulen, but seemed very 
little reduced in bulk. 

hxprrinienl 10. — A cubo of j\j of an inch of cheese and 
another of albumen were placed at opposite ends of the same 
leaf. Afler nine days the lobes opened spoiilaneonsly a little 
at the end enclosing the cheese, but hardly any or none was 
dissolved, though it whs softened and surrounded by secre- 
tion. Two days snbseqiiently the end with the albimjen also 
opened spontaneously (i.e. eleven days after it was put on), ■ 
mere trace in a blackened and dry condition l«ing left. 

Kxj<^imeht 11, — The same experiment with cheese and alWn- 
men repeated on another and rather torpid leaf. The lobes at the 
end with the cheese, after an inlorval of six days, opened spon- 
taneously a little ; the cube of cheese was much suftuned, but 
>iot diasolved, and hat little, if at all, reduced in size. Twelve 
lionrs afterwards the end with the albumen opened, which 
consisted of a loi^e drop of transparent, not acid, viscid 
fluid. 

Ex't'ini'Tii 12. — Same experiment as the two last, and here 
the Iciifut the end eu.rlosing the cheese opened before the 
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opposite oud with llie albumen ; but no further obeervatjom 

ICx/itrimtut 13.^A globule of chemiMilIy prepnrtd caHefn, 
about ^ of nn iuuh in diameter, vita placcJ on n leaf, whicli 
BpontaneouBly opened after eight dnys. Tlic rasfin now con- 
sisted of a fioft «ticky niasR, ver; iiCttc, if at all, reduced in aize, 
but bathed in ncid h 
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These experiments are sufficient to show that the 
secretitiQ from the glands of Diontea dissolves albu- 
men, gelatine, and meat, if too large pieces are 
not given. Globules of fat and fibro-elastic tissue 
are not dige-sted. The secretion, with its dissolved 
matter, if not in excess, is enbaequently absorbed. On 
the other hand, although chemically prepared casein 
and cheese (as in the cose of Drosera) excite much 
acid secretion, owing, I presume, to the absorption of 
some included albuminous matter, these substances 
are not digested, and are not appreciably, if at aU, 
reduced in bulk. 

EfftxUoflht Vapour* ■/ Chhri,/o,-m, Sulpharie Ether, and Hydra- 
eyanic Acid.— A plant bearing one leaf was introduced into * 
large Inttlo with a drachm (3'&i9 ml.) of chloroform, the mouth 
being imperfectly closed with cotton-wool. The Tapour caused 
in 1 m. the lobes to begin moving at an imperceptibly stow rate; 
but in 3 111. the spikes crossed, and the leaf was soon com- 
pielely shut. The dose, however, was much too large, for in 
between 2 and 3 hrs. the leaf appeared as if buret, and soon 
died. 

Two leaves were eiposi'd for 30 m. in a 2-oz. vessel to the 
vapour of 30 minims (l'T74 ml.) of sulphuric ether. One leaf 1 
closed after a time, aa did the other whilst being romoved from 
the vessel without being touched. Both leaves were grealtf ' 
injured. Another leaf, exposed for 20 m. to 15 minims of ethor, . 
closed its lobes to a certain extent, and the sensitive fllaraeuln \ 
wt're now quite insensible. After 24 hm. this leaf recoven.'rt. 
its seuKibilily, but was still mther torpid. A leaf exposed I 
in a large iKittle for only 3 m. to ten drops was rendered J 
insuni^iblc. After 52 m. it recovered its stnKibility, and whoit '1 
one of the tilameuts was touched, the lubes closed. It bei 
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to roojwn after 20 hrs. 1 jLitly aaothpt lenf was exjwseil fir 4 ni, 
to only four dropn of the ether ; it wna rendered insensihle, and 
did not tloae when ilH fliaraentB were repenleiily toiiolied. but 
closed when tlie end of the open leaf was cut o^'. Tliis show« 
either that the intemnl parts had not been rendered inReiisihlo, 
or that an incJRiou is a oiore powerful stimuhiB thnn repealed 
touchei" on the filaments. Whether ihc larpar doseH of cliloro- 
forni and ether, which enured the leaves to close eUiwIy, 
acted on the Eeneitive SlamentH or on the leaf itself, I do not 

Cyanide of potflssinm, when left in a bottle, generatea priiEBio 
or hydrocyanic acid. A leaf was exposed for I hr. 35 m. to the 
TapouT thus formed ; and the glands became within this time 
eo colourless and shrunken as to be st^arcely yisible, and I at 
fimt tlioiight that they had all dropped off. The leaf wae nut 
rendered insensihle; for as koou as one of the filaments was 
touched it closed. It had, however, suffered, for it did not 
reopen until nearly two days had passed, and was not even 
then in the least sensitive. After an additional day it recovered 
its powers, and closed on lieing touched nnd su^iuently re- 
opened. Another leaf behaved in nearly the aame manner after 
a shorter eiposure to this vapour. 
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On the Manner m which Insects are caught. — We will 
now consider the action of the leaves when insects 
happen to touph one of the sensitive filaments, Thia 
often occurred in my greenhouse, but I do not know 
whether insects are attracted in any special way by 
the leaves. They are caught in large numbers by the 
plant in its native country. As Sfxin as a filament is 
touched, both lobes close with astonishing quickness ; 
and as tbey stand at less than a right angle to each 
other, they have a good chance of catching any in- 
truder. The angle between (he blade and footstalk 
does not change when the lobes close. The chief seat 
of movement is near the midrib, but is not confined 
to this part; for, as the lobes come together, each 
curves inwards across its whole breatlth; the marginal 
spikes however, not bi-mniiiig curved. This movfr 
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meiit of the whole lobe was well seen in a leaf to 
which a large fly had been given, and from which 
a large portion had been cut ofl' the end of one lobe ; 
80 that the opposite lobe, meeting with no r&- 
sistiince in this part, went on curving inwards much 
beyond the medial line. The whole of the lobe, firom 
which a portion had been cut, was afterwards removed, 
and the opposite lobe now curled completely over, 
passing through an angle of from 120° to 130", so 
as to occupy a position almost at right angles to 
that which it would have held had the opposite lobe 
been present. 

From the curving inwai'ds of the two lobes, as thejr 
move towards each other, the straight marginal spikes 
intercross by their tips at first, and ultimately by their 
bases. The leaf is then completely shut and encloses 
a shallow cavity. If it has been made to shut merely 
by one of the sensitive filaments having been touched, 
or if it includes an object not yielding soluble nitro- 
genous matter, the two lobes retain their inwardly 
uoncave form until they re-expand. The re-expansion 
under these circn instances —that is when no or^nia 
matter is enclosed — waa observed in ten cases. In all 
of these, the leaves re-expanded to about two-thirds of 
the full extent in 24 hrs. from the time of closure. 
Even the leaf from which a portion of one lobe had 
been cut off opened to a slight degree within this same 
time. In one case a leaf i-e-expanded to about two- 
thirds of the full extent in 7 hrs., and completely in 
32 hrs. ; but one of its filaments had been touched 
merely with a haii just enough to cause the leaf to 
close. Of these ten leavon only a few re-expanded 
(jompieteiy in less than two days, and two or three 
required even a little longer time. Before, how- 
ever, they fully re-expfind, they are ready to cloM 
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iiistttiitly if their sensitive filaments are touched 
How iiDiny times a leuf is c-apablo of sbuttiDg and 
opening if no animal matter is left enclosed, I do 
not know ; but one leaf was made to islose tour times, 
reopening afterwards, within six days. On the last 
occasion it caught a fly, and then remained closed for 
many days. 

This power of reopening quickly after the filaments 
have been accidentally touched by blades of grass, 
or by objects blown on the leaf by the wind, as 
occasionally happens in its native place,* must be of 
some importance to the plant ; for as long as a 
leaf remains closed, it cannot of course capture an 
insect. 

When the filaments are irritated and u leaf is made 
to shut over an insect, a bit of meat, albumen, gela- 
tine, casein, and, no doubt, any other substance con- 
taining soluble nitrogenous matter, the lobes, instead 
of remaining concave, thus including a concavity, 
slowly press closely together throngbout their whole 
breadth. As this takes place, the margins gradually 
become a little everted, so that the spikes, which at first 
intercrossed, at last project in two parallel rows. The 
lobes press against each other with such force that I 
have seen a cube of albumen much flattened, with 
distinct impressions of the little prominent glands; but 
this latter circumstance may have been partly caused 
by the corrotling action of the secretion. So firmly do 
they become pressed t<igether that, if any large insect 
or other object has been caught, a corresponding pro- 
jection on the outside of the leaf is distinctly visible, 
When the two lobes are thus completely shut, they 
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resist l*eiii{j opened, aa l)y a tliin wedge driv 
between them, with astonishing force, and are gene- 
rally rupttired rather than yield. If not ruptured, 
they close again, as Dr. Canby informs me in a letter, 
" with quite a loud flap." But if the end of a leaf 
is held lirnily between the thumb and finger, or by a 
clip, so that the lobes cannot begin to close, tliey 
exert, whilst iu this position, very little force. 

I thought at first that the gradual pressing together 
of the lobes was caused exclusively by captured 
insects crawling over and repeatedly irritating the 
sensitive filaments ; and thia view seemed the more 
probable when I learnt from Dr. Burden Sanderson 
Ihiit whenever the filaments of a closed leaf are irri- 
tated, the normal electric current is disturbed. Never- 
theless, such irritation is by no menus necessary, for a 
dead insect, or a bit of meat, or of albumen, all act 
equally well ; ]>roving that in these cases it is the 
absorption of animal matter which excites the lobes 
Klowly to press close together. We have seen that the 
absorption of an extremely small quantity of such 
matter also causes a fully expanded leaf to close 
slowly ; and this movement is clearly analogous to 
the slow pressing together of the concave lubes. This 
latter action is of high functional importance to the 
plant, for the glands on both sides are thus brought 
into contact with a captured insect, and consequently 
secrete, The secretion with animal matter in solution 
is then drawn by capillary attraction over the whole 
surface of the leaf, causing all the glands to secrete 
and allowing them to absorb the diffused animal matter. 
The movement, excited by the absorption of such 
matter, though slow, siiflicea for its final purpose, 
whilst the movement excited by one of the sensitive 
filaments being touched is rapid, and this is india- 
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pensable for the capturiug of insccta. Theao two move- 
meuts, excited l»y two such widely different means, 
are thus both well adapted, like all the other 
functions of the pliuit, for the purposes which they 
subserve. 

There is another wide difference in the action of 
leaves which enclose objects, such as bits of wood, 
cork, balls of paper, or which have had their filaments 
merely touched, and thoae which enclose organic 
bodies yielding soluble nitrogenous matter. In the 
former case the leaves, as we have seen, open in under 
24 hra. and are then ready, even before being fully 
expanded, to shut again. But if they have closed 
over nitrogen-yielding bodies, they remain closely 
shut for many days; and after re-expanding are 
torpid, and never act again, or only after a consider- 
able interval of time. In four instances, leaves after 
catching insects never reopened, but began to wither, 
remaining closed — in one case for fifteen days over 
a fly ; in a second, for twenty-four days, though 
the fly was small ; in a third for twenty-four days over 
a woodlouae ; and in a fourth, for thirty-five days over 
a large Tipula. In two other cases leaves remained 
closed for at least nine days over flies, and for how 
many more I do not know. It should, however, be 
added that in two instances in which very small 
insects had been naturally caught the leaf opened 
as quickly as if nothing had been caught ; and I 
suppose that this was due to such small insects not 
having been crushed or not having excreted auy 
animal matter, so that tlie glands were not excited. 
Small angular bits of albumen and gelatine wore 
placed at both ends of three leaves, two of which 
Kmained closed for thirteen and the other for twelve 
days. Two other leaves remained closed over bits at 
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meat for eUiven days, a third leiif for eight days, and 1 
a fourth (but this had been cracked and injiii-ed) for 1 
only ais days. Bits of cheese, or casein, were placed ( 
at one end and albumen at the other end uf three J 
leaves ; and the ends with tiie fomier opened after j 
six, eight, and nine days, whilst the opposite ends { 
opened a little later. None of the above bits of meat, j 
albumen, &c., exceeded a cube of -^ of an inch i 
(2-54 mm.) in sine, and were sometimes smaller ; yet ' 
these small portions sufficed to keep the leaves closed 
for many daya. Dr. Canhy informs me that leaves l 
remain shut for a longer time over insects than over J 
meat ; and from what I have seen, I can well believe \ 
that this is the case, especially if the insects are 
large. 

In all the above cases, and in many others in which i 
leaves remained closed for a long but unknown I 
period over insects naturally caught, they were more | 
or less torpid when they reopened, (ienerally they ■■ 
were so torpid during many succeeding days that no 
excitement of the filaments caused tho least move- 
ment. In one instance, however, on the day after ft - 
leaf opened which had clasped a fly, it closed with ex- 
treme slowness when one of its filaments was touched ; 
and although no object was left enchised, it was so 
torpid that it did not re-open for the second titnaj 
until 44 hrs. had elapsed. In a second case, a leaf i 
which had expanded after remaining closed tor at | 
least nine days over a fly, when greatly irritated, [ 
moved one alone of its two lobes, and retained tbia 
unusual position for the next two days. A third case \ 
offera the strongest exception which I have observed ; 
a leaf, after remaining clasped for an imknown time 
over a fly, opened, anl when one of its fllaments wan ( 
touched, closed, though rather slowly. Dr. Canbvi 
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who observefi in tJie United Stiiloa a large number o( 
plants which, although not in theii' native aite, were 
probably more vigoroiia than my plants, informs 
me that ho has "several timos knuwn vigorous leaves 
to devour their prey several ttrne^ ; but onlinarily 
twice, or, quita often, once wus enough to render tliem 
unserviceable." Mrs. Treat, who cultivated many 
plants in New Jersey, alao informs me that "several 
leaves caught successively three insects each, but most 
of them were not able to digest the third fly, but died 
in the attempt. Five leaves, however, digested each 
three flies, and cltaed over the fourth, but died soon 
after the fourth capture. Many leaves did not digest 
even one large insect." It thus appears that the 
power of digestion is somewhat limited, and it is 
certain that leaves always remain clasped for many 
days over an insect, and do not recover their power of 
closing again ibr many subsequent days. In this 
respect Diona^a differs from Drosera, which catclies 
and digests many insects after shorter intervals of 

We are now prepared to understand the use of the 
marginal spikes, which form so conspicuous a feature 
in the appearance of the plant (fig. 12, p. 287), and 
which at first seemed to me in my ignorance useless 
appendages. From the inward curvature of the lobes 
as they approach each other, the tips of the marguial 
spikes first intercross, and ultimately their buses. 
Until the edges of the lolies come into contact, elon- 
gated spaces between the spikes, varying from the Vr 
to the -^ of an inch (1-G93 to 2-54 mm.) in breadth, 
according to the size of the leaf, are left open. Thus 
an insect, if its body is not thicker than these mea- 
surements, can easily escape between the crossed 
ipikes, when disturbf^d by the closing lolies and iu 
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creasing (lorkneBS ; and one of my sons actually aaw a 1 
small inspct thus escaping. A moderately large in- 
sect, on the other hand, if it tries to escape betwean 
the bars wUl sniely be pushed back again into its 
horrid prison with closing walls, for the spikes con- 
tinue to cross more and more until the edges of the 
lobes come into contact, A very strong insect, how- 
ever, would be able to free itself, and Mrs. Treat saw 
this effected by a rose-chafer (Macrodacti/lus etihspi- 
noius) in the United States. Now it would manifestly 
be a groat disadvantage to the plant to waste many 
days in lemainuig clasped over a minute insect, and 
several additional days or weeks in afterwards re- 
covering its sensibility; inasmuch as a minute insect 
would afford but little nutriment. It would be 
far better for the plant to wait for a time until a 
moderately large insect was captured, and to allow all 
the little ones to escape ; and this advantage ia 
secured by the slowly intercrossing marginal spikes, 
which aot like the large meshes of a fishing-net, 
allowing the small and useless fry to escape. 

As I was anxious to know whether this view was 
correct^and as it seems a goo<l illustration of how 
cautious we ought to be in assuming, as I had done 
with reajwct to the marginal spikes, that any fully 
developcil structure is useless^I applied to Dr. Canby, 
He visited the native site of the plant, early in tihe 
season, before the leaves had grown to their full size, 
and sent me fourteen leaves, containing naturally 
captured insects. Four of these had caught rather 
small insects, viz. three of them ants, and the fourth 
a rather small fly, but the other ten had all caught 
large insects, namely, five elaters, two chr}-somela% 
a curculio, a thick and broad spider, and a scolo* > 
jiendra. Out of these ten irqects, no less than eijjht 
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were beetles,* and out of the whole fonrteen there 
was only one, viz. a dipterous insect, which coukl 
readily take fliglit. Drusora, on the other band, 
lives chiefly on insects which are good flyers, especially 
Diptera, caught by the aid of its viscid secretion. But 
what most concerns lis is the size of the ten larger 
Insects. Their average length from head to tail was 
'256 of an inch, the lubes of the leaves being on an 
average '53 of an inch in lengtli, so that the insects 
were very nearly half as long as the leaves within 
which they were enclosed. Only a few of these leaves, 
therefore, had wasted their powers by capturing small 
prey, though it is probable that many small insects 
had crawled over them and been caught, but had 
then escaped through the bars. 

The Transmission of the Motor Impulse, and Mean» 
of Movement. — It is snfBcient to touch any one of the 
six filaments to cause both lobes to close, these becom- 
ing at the same time incurved throughout their whole 
breadth. The stimulus must therefore radiate in all 
directions from any one filament. It must also be 
transmitted with much rapidity across the leaf, for in 
all ordinary cases both lobes close simultaneonsly, 
as far aa the eye can judge. Most physiologists be- 
lieve that in irritable plants the excitement is trans- 
mitted along, or in close connection with, the fibro- 
vascular bundles. In Dionrea, the course of these 
vessels (composed of spiral and ordinary vascular 



' Dr. Canbir remojlca (• Ghir- 
dener'a Hontliljr,' August IBiiS), 
"w a general thine beetles and 
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tissue) seems at Jirst sight to favour this belief; for 
they run up the midrib in a great bundle, sending 
off small bundles almost at right angh?s on each side. 
These bifurcate occasionally as they extend towards 
the margin, and close to the margin small branches 
fi'om adjoining vessels unite and enter the marginal 
spikes. At some of these points of imion the vessels 
form curious loops, like those described under Drosera. 
A continuous zigzag line of vesaeis thus runs round 
the whole circumference of the leaf, and in the midrib 
all the vessels are in close contact ; so that all parts of 
the leaf seem to be brought into some degree of com- 
munication. Nevertheless, the presence of vessels is ■ 
not necessary for the transmission of the motor 
impulse, for it is transmitted from the tips of the 
sensitive filaments (these being about the -^ of a 
inch in length), into which no vessels enter ; and 
these could not have been overlooked, as I made thin i 
verticul sections of the leaf at the bases of the fila- 1 
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On several occasions, slits about the Vo of *o ^f^ \ 
in length were made with a lancet, close to the bases j 
uf the lilamenta, parallel to the midrib, and, ther&« ' 
fore, directly across the course of the vessels. These ' 
were made sometimes on the inner and sometimee 
on the outer sides of the filaments ; and after several 
days, when the leuves had reopened, these filaments 
were touched roughly (for they were always rendered 
in some degree torpid by the operation), and the 
lobes then closed in the ordinary manner, though 
slowly, and sometimes not until after a considerable 
interval of time. These cases show that the motor J 
impulse is not transmitted along the vessels, and they i 
further show that there is no necessity for a direct ^ 
line uf cumniunicatidU from the filament which : 
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touched Uiwai'iltt the midrib and opposite lobe, or 
towards tiie outer parts of the same lobe. 

Two slits Dear each other, both parallel te the mid- 
rib, were next made in the same manner as before, one 
on each side of the base of a filament, on fire distinct 
leaves, HO that a little slip bearing a iilaineut was con- 
nected with the rest of the leaf only at its two ends. 
Theae slips were nearly of the same size ; one was care- 
fully measured ; it was '12 of an inch (3-048 mm.) in 
length, and '08 of an inch (2'032 mm.) in breadth ; 
and in the middle stood the filament. Only one of 
these slips withered and perislied. After the leaf had 
recovered from the operation, though the slits were 
still open, the filaments thus circumstanced were 
roaghly touched, and both lobes, or one alone, slowly 
closed. In t«o instances touching the filament pro- 
duced no efl'ect ; but when the point of a needle was 
driven into the slip at the base of the filament, the 
lobes slowly closed. Now in these cases the impulse 
must have proceeded along the slip in a line parallel 
to the midrib, and then have radiated forth, either 
from both ends or from one end alone of the slip, over 
the whole surface of the two lobes. 

Again, two parallel slits, like the former ones, were 
made, one on each side of the base of a filament, at 
right angles to the midrib. After the leaves (two in 
number) had recovered, the filaments were roughly 
touched, and the lobes slowly closed ; and here the 
impulse must have travelled for a short distance in a 
line at right angles to the midrib, and then have 
radiated forth on all sides over both lobes. These 
several cases prove that the motor impulse travels in 
all directions through the cellular tissue, independ<!ntly 
of the course of the vessels. 

With Drosera we have seen that the motor im[>u]iit? 
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IB transniitted in like manner in all directions throagh ' 
tlie cellular tissue ; but that its rate is largely governed 
by the length of the cells and the direction of their 
longer axes, rhin sections of a leaf of Dioneea were 
motle by my son, and the cells, both those of the 
central and of the more snperlicial layers, were foond 
much elongated, with their longer axes directed to- 
wards the midrib ; and it is in this direction that the 
motor impulse must be sent with great rapidity from 
one lobe to the other, as both close simultaneously. 
The central parenchymatous cells are larger, more 
loosely attached together, and have more delicate walla 
than the more superficial cells. A thick mass of cel- 
lular tissue forms the upper surface of the midrib 
over the great central bundle of vessels. 

When the filaments were roughly touched, at the 
bases of which slits had been made, either on both 
sides or on one side, parallel to the midrib or at right 
angles to it, the two lobes, or only one, moved. In 
one of these cases, the lobe on the side which bore the 
filament that was touched moved, but in three other 
cases the opposite lobe alone moved ; so that an injury 
which was sufficient to prevent a lobe moving did not 
prevent the transmission from it of a stimulus which 
excitttd the opposite lobe to move. We thus also 
learn that, altliough normally both lobes move to- 
gether, each has the power of independent movement. 
A case, indeed, has already been given of a torpid 
leaf that had lately re-opeued after catching an 
insect, of which one lobe alone moverl when irritated. 
Moreover, ono end of the same lobe can close and re- 
exjuind, independently of the other end, as was seen 
ill some of the foregoing experiments. 

When the lobes, wliich are rather thick, close, no trace 
of wrinkling con be scon on any part of their upper 
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Burfacea. It appears therefore that the cells must con- 
tract. The chief seat of the movement is evidently 
in the thick mass of cells whieli overlies tlie central 
btmdle of vessels in the midrib. To ascertain whether 
this part contracts, a leaf was fastened on the stage of 
the microscope in such a manner that the two lobes 
could not become quite shut, and having made two 
minute black dots on the midrib, in a transverse line 
and a little towards one side, they were found by the 
micrometer to bo -rroTi of an inch apart. One of the 
litaments was then touched and the lobes closed ; but 
as they were prevented from meeting, I could still see 
the two dota, which now were tots of ^^ inch apart, 
BO that a small portion of the upper surface of the 
midrib had contracted in a transverse line -rn V g ^^f ^^ 
inch ("0508 mm.). 

We know that the lobes, whilst closing, become 
slightly incurved throughout their whole breadth. 
This movement appears to be due to the contraction 
of the superficial layers of cells over the whole upper 
Buriace. In order to observe their contraction, a nar- 
row strip was cut out of one lobe at right angles to 
the midrib, so that the surface of the opposite lobe 
could be seen in this part when the leaf was shut. 
After the leaf had recovered from the operation and 
had re-expandeJ, three minute black dots were made 
on tho surff.ce opposite to the slit or window, in a line 
at right angles to the midrib. The distance between 
the (lots was found to be -rS-5-0 of an inch, so that the 
two extreme dots were ^-^^ of an inch apart. One of 
the filaments was now touched and the leaf closed. 
On again measuring the distances between the dots, 
the two next to the midrib were nearer together by 
of an inch, and the two further dots by fww o' 
an inch, than they were before ; so that the two extrems 
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dots DOW stood about Tii - in '-^' "" i'K'li ("127 mm.) 
nearer together than before. If we suppose the whola 
upper surface of the lobe, which was -tott of ft° inca 
ill breadth, to have contractetl in the same proportion, 
the total contraction will have amouittecl to about 
■ i ;;^o or ^'s of an inch ('630 mm.) ; but whether this 
is sufRcieut to account for the alight inward curvature 
of the whole lobe, I am unable to say. 

Finally, with respect to the movement of the leaves, 
the wonderful discovery made by Dr. Burden Sander- 
son" is now universally known ; namely that there 
exists a normal electrical current in the blade and 
footstalk ; and that when the leaves are irritated, the 
current ia disturbed in the same manner as takes place 
during the contraction of the muscle of an animal. 

The Re-expansion of the Leaves. ^This is effected at lut 
insensibly slow rate, whether or not any object i» 
encloaed-t One lobe can re-expand by itself, as oc- 
curred with the torjiid leaf of which one lobe alone bad 
closed. Wo have also seen in the exjieriments with 
cheese and albumen that the two ends of the same lobe 
can re-espand to a certain extent independently oi 
each other. But in all ordinary cases both lobes open 
at the same time. The re-expausion is not determined 
by the sensitive filaments ; all three filaments on on^ 
lobe were cut off close to their bases ; and the three 
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leaves thus treated re-expanded, — one to a partial ex- 
tent in 24 hra., — a seixmd to the same extent in 48 
hrs.,— and the third, which had been previously in- 
jured, not until the sixth day. These leaves after 
their rc-espansion closed quickly when the filaments 
on the other lobe were irritated. These were then cut 
off one of the leaves, so that none were left. This 
mutilated leaf, notmthstanding the loss of all its lila- 
luents, re-expandt'd iu two days in the usual manner. 
When the filaments have l>een e.xcited by imrueraion 
in a solution of sugar, the lobes do nut expand so soon 
as when the filaments hare been merely touched ; and 
this, I presume, is due to their having been strongly 
affected through exosmose, so that they eoutinuo for 
some time to transmit a motor impulse to the upper 
surhtce of the leaf. 

The following facts make me believe that tho 
several layers of cells forming the lower surface of the 
leaf are always iu a state of tension ; and that it is 
owing to this mechauieal state, aided probably by 
fresh fluid being attracted into the cells, that the lobes 
'wgin to separate or expand as soon as the contraction 
of the upper surface diminishes. A leaf was cut off 
and suddenly plunged perpendicularly into boiling 
water : I expected that the lobes would have closed, 
but instead of doing so, they divergeil a little. I then 
toot another fine leaf, with the lobes staniUug at an 
angle of nearly 80° to each other ; and on immersing 
it 08 before, the angle suddenly increased to 90^ 
third leaf was torpid from having recently re-expanded 
after having caught a fly. so that repeated touches 
tliG filaments caused nut the least movement; never- 
theless, when similarly immersed, the lobes seiwrated 
little. .\b these leaves were inserted perpendicularly 
into the boiling water, both surfaces and the filaments 
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^H must have been equally atfocted; and 1 can imdef i 

^H stand the divergence of the luhes only by supposing J 

^r that the cells on the lower side, owing to their stiite of ' 

tension, acted met^liiinicully and tlius suddenly drew J 
tlie lubes a little apart, as soon as the cells on thft I 
upper surface were killed and lost their contractile ' 
power. We have seen that boiling water in like 
manner causes the tentacles of Drosera to curve back- 
wards ; and this is an analogous movement to the 
divergence of the lobes of Diomea. 

In some concluding remarks in the fifteenth chapter 
on the Droseracese, the different kinds of irritability 
possessed by the several genera, and the different 
manner in which they capture insects, will be com* 
pared. 
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Cuptnres criutaoeatui — Btcuctuifl of tbe Imvoa in eoiDparison with 
thnae of Dicmmi — AliBorption by the glaiids, by the quudrifid pro- 
cesee8,aii(i points on ths infolded mBtgina — JWrooanrfo vai'etUom, 
VBT. aiutralh — CaptiireB ptej — Abeorption of niiimal mutter — 
AldroBatula vtticuloia, mr. ivrtieilliila — Coiioluding remarka. 

This pliint ntfiy be called a miniaturo aquatic Dionea. 
Stein discovered in 1873 that the bilobod leaves, 
which are generally found closed in Europe, open 
under a sufficiently high temperature, and, when 
touched, suddenly close.* They re-ex[iand in from 
24 to 36 hrs., but only, aa it appears, when inor- 
ganic objects are enclosed. The leaves sometimes 
contain bubbles of air, and were formerly supposed to 
be bladders ; hence the specific name of vesiculosa. 
Stein observed that water-insects were sometimes 
caught, and Prof. Cohn has recently found within the 
leaves of naturally growing plants many kinds of 
crustaceans and larvee.t Pliuita which had been kept 
in filtered water were placed by him in a vessel con- 
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" Since Wb orielnal pnbiieatiira, 
Stein has found out that tlie irri- 
taliility of the leases was obsersHl 
by Ue Soaaus. aa ramnlEil iu 
■ Hull. Bot. Soc. de FmnH!,' in 
]H<II, Delpino states in u pnper 
published in 1871 ('Nuovo Uior- 
nole Bot. Ital.' voL iii. p. 174) 
una qiiantith di ohioocio- 
di altri nnimalRoli aajuo' 
. . Lre caught and i>uffoc8.te<t 
by tlie leaiee. I presume that 



ehioeeioHne are fresh-irater niol- 
luMta. It would lie intenntiuK to 
know whether their ahelU iLre at 
till imrroded ly the acid of the 
digestivD sucretion. 

t I am fpTStly iiidebtod to this 
dietinRuisiitxlDalurHlutrorluii'iug 
Dent me a copy of liis meiooir on 
Aldmvnnihi, before ita pabliot. 
tion in his ' BcitrSftc 
der PBiinzfn,' driltt'f 
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taiiiing numerous crustaceans of tJie genus Cypris, and 
iiL'xt moruing many were found imprisoned and alive, 
still swimming about within tlie clijsed leaves, bat 
duomed to certain death. 

Directly after raiding Prof. Coku's memoir, I re- ' 
ceived through the kindness of Dr. Hooker living 
plauts from Gennany. Aa I can add nothing to Prof. 
Cohn's excellent desoription, I will give only two 
illustrations, one of a whorl of leaves copied from bla 
work, aud the other of a leaf pressed flat open, drawa 
by my son Francis. I will, however, append a few 
remarks on the differences between this plant and 
Dioniea. 

Aldrovauda is destitute of roots and floats freely in 
the water. The kavea are arranged in whorls round 
the stem. Their broad petioles terminate in from four 
to six rigid projections,* each tipped with a stiff, 
short bristle. The bilobed leat^ with the midrib like- 
wise tipped with a bristle, stands ia the midst of 
these projections, and is evidently defended by them, 
The lobes ai-e formed of very delicat* tissue, so as to 
be translucent ; they open, according to Cobn, about 
us much as the two valves of a living mussel-shell, 
therefore even less than the lobes of Dioniea; and 
this must make the cuptiire of aquatic animals mora 
easy. The outside of the leaves and the petioles are < 
covered with minute two-armed papilla?, evidently ■ 
answering to the eight-rayed papillm of Diomea. 

Each lobe rather exceeds a semi-circle in convexity, i 
»nd consists of two very dilTerent concentric portions ; 
the inner and lesser portion, or that next to the midrib, -i 



■ There has Iicen much discuB- l^<il, p. 146) believfu that Umt J 

linn bj bntUDiBtsoa thn hnui(ilo|n- corrospond with the fimbrialea.J 

■a.] nitliiro of these projections Bcale-likc btxiica found at 0» A 

Jr. S'McMm ('Hot. Zeiluat;, bases of the petioles of Dmmi 
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is slightly concave, and is formed, according to Cohn, 
of three layers of ceils. Its iippur surface is stwdded 
with colourless glands like, but inure simple than, 
those of Diuna^a ; they are fiupjwrtcd on distinct 
footstalks, consisting of two rows of cells. The outor 
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and broader portion of the lolje is flat and very 
thin, being formed of only two layers of cells. Its 
upper surface does not War any glands, but, in their 
place, small qnadriiid processes, each consisting of 
four tapering projections, which rise from a conunoa 
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promiueuce. These processes are formed of very j 
deliciite membrane lined with a layer of protoplasm ; 
and they sometimes contuin aggregated globules of I 
hyaline matter. Two of the slightly diverging anna , 
are directed towards the circumference, and two 
towards the midrib, forming together a sort of Greek 
cross. Occasionally two of the arms are replaced by 
one, and then the projeetion is trifid. We sball see in 
a future chapter that these projections curiously re- 
semble those found within the bladders of Utricularia, 
more espeeiuHy of Utriculana moatana, although thia 
genus is nut related to Aldrovanda. 

A narrow rim of the broad flat ejiterior part of each 
lobe is turned inwards, so that, when the lobes are 
closed, the exterior siirlaces of the in-folded portionB 
come into contact. The edge itself bears a row of 
conical, flattened, transparent points with broad basea, 
like the prickles on the stem of a bramble or Rubus. 
As the rim is intbldetl, these points are directed 
towards tlie midrib, and they appear at first as if they 
were adapted to prevent the esciipe of prey ; but this 
can hardly be their chief function, for they are com- 
posed of very delicate and highly flexible membrane, 
which can be easily bent or quite doubled back with- 
out being cracked. Nevertheless, the infolded rims, 
together with the points, must somewhat interfere 
with the retrograde movement of any small creature, , 
as soon as the lobes begin to close. The circum- 
ferential part of tlie leaf of Aldrovanda thus differs 
greatly from that of Dioniea ; nor can the points on 
the rim be considei-ed as homologous with the spikes 
round the leaves of Diousea, as these latter are pro- 
iongntions of the blade, and not mere epidermiQ 
productions. They appear also to serve for a widely 
different purpose. 
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On the concave gland-bearing portion of the lobes, 
anil especially on tLe midrib, there &re numeruna, 
lung, finely pointed hairs, which, as Prof. Cohn re- 
murks, there can be little doubt are sensitive to a 
tuuch, and, when touched, cause the leaf to close. 
They are formed of two rows of cells, or, according to 
Cohn, sometimes of four, and do not include any va»- 
ciilaT tissue. They differ also from the six sensitive 
filameuta of Dioniea in being eoluurless, and in having 
a medial as well as a basal articulation. No doubt it 
is owing to these two articulations that, notwithstand- 
ing their length, they escape being broken when the 
lobes close. 

The pbint« which I received during the early part 
of October from Kew never opened their leaves, 
though subjected to a high temperature. After ex- 
amining the structure of some of them, I experimented 
on only two, as I hoped that the plants would grow ; 
and I now regret that I did not sacrifice a greater 
number. 

A leaf was cut open along the midrib, and the 
glands examined under a high power. It was then 
placed in a few drops of an infusion of raw meat. 
After 3 hrs. 20 m. there was no change, but when 
next examined after 23 hrs. 20 m., the outer cells of 
the glands contained, instead of limpid fluid, spherical 
masses of a granular substance, showing that matter 
had been absorbed from the infusion. 'J'hat these 
glands secrete a fluid which dissolvx or digests animal 
matter out of tlie bodies of the creatures which the 
leaves capture, is also highly probable from the 
analogy of Uioniea. If we may trust to the same 
anahjgy, the concave and inner portions of the two 
loltes probably close together by a slow movement, as 
Boon lis the glands have absorbed a slight amount of 
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ready soluble aiiimul matter. The included waterj 
would thus be pressed out, and the secretion conae- 1 
quently uot be too mueb diluted to act, Witli respect J 
to the quadritid processes on the outer parts of ths J 
lobes, I was not able to decide whether they had heea I 
acted on by the infusion; for the lining of proto>J 
plasm was somewhat shrunk before they were im- 
nieraed. Many of the points on the infolded rims I 
also had their lining of protoplasm similarly shrunk, .1 
and contained spherical grannies of hyaline matter. 

A solution of urea was next employed. This sub- 1 
stance was chosen partly ijeeanse it is absorbed by theJ 
quadriHd processes and more especially by the glands I 
of Utricularia — a plant which, as we shall hereafter see,. I 
feods on decayed animal matter. As urea is one of the J 
last products of the chemical chauges going on in thaJ 
living body, it seems (itted to represent the early stageta 
of the decay of the dead body. I was also led to trrl 
urea from a curious little fact mentioned by Pn^ J 
Cohn, namely that when rather large crustaceans are! 
caught between the closing lobes, they are pressed aoM 
hard whilst making their escape that they often void! 
their sausage-shaped masses of excrement, which were 1 
found within most of the leaves. These mat 
doubt, contain urea. They would be left either on I 
the broad outer surfaces of the lobes where the quad>^ 
rifids are situated, or within the closed concavity. 
the latter case, water charged with exerementitiom] 
and decaying matter would be slowly forced outwardlf,a 
and would bathe the quadrifids, if I am right iaM 
believing that the concave lobes contract aft«r a tin 
like those of Diomca. Foul water would also be apiS 
to ooze ont at all times, especially when bubble of BitM 
«' ere generated within the concavity. 
A leaf was cut ojwn auJ examined, and the ouMfl 
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cells of the glands were found to coiitjiin only limpid 
fluid. 8ome of the quudriSda included a. few spherical 
P^raiiiilea, but several were tmnapHreut and empty, and 
their positions were marked. This leaf was now im- 
mersed in a little Bolution of one part of urea to 146 
of water, or three grains to the ounce. After 3 hrs, 
40 m. there was no change either in the glands or 
quadrilids ; nor was there any eortiiin change in the 
glands after 24 his. ; so that, as far as one trial goes, 
urea does not act on them in the same manner as 
an infusion of raw meat. It was different with the 
quadrifids; for the lining of protoplasm, instead of 
presenting a uniform texture, was now slightly shrank, 
and exhibited in many places minute, thickened, irre- 
gular, yellowish specks and ridges, exactly like those 
which appear witliin the quadrifids of Utricularia 
when treated with this same solution. Moreover, several 
of the quadrifids, which were before empty, now con- 
tained moderately sized or very small, more or less 
aggregated, globules of yellowish matter, as likewise 
occurs under the same circumstances with Utricularia. 
Some of the points on the infolded margins of the 
lobes were similarly affected ; for their lining of proto- 
plasm was a little shrunk and included yellowish 
specks ; and those which were before empty now con- 
tained small spheres and irregular masses of hyaline 
matter, more or less aggregated ; so that both the 
points on the margins and the quadrifids had absorbed 
matter from the 8olutii>n in the course of 24 hrs. ; but 
to this subject I shall recur. In another rather old 
leaf, to which nothing had been given, but which had 
been kept in foul water, some of the quadrifids con- 
tained aggregated translucent globules. These were 
not acted on by a solution of one part of carbonate 
of ammonia to 218 of water ; and this negative result 
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agrees with what I have observed uiider similar cii- { 
stances with Utricular ia. 

Aldrouanda vesiculosa, var. auslralis. — Dried leaves of \ 
this plant irom Queensland in Australia were sent 
me by Prof. Oliver from the herbarium at Kew. 
Whether it ought to be considered as a distinct species 
or a variety, cannot be told until the flowers are ex- 
amined by a botanist. The projections at the upper 
end of the petiole (from four to six in number) are 
considerably longer relatively to the blade, and much 
more attenuated than those of the European form. 
They are thickly covered for a considerable apace 
near their extremities with the upcurved prickles, 
which are quite absent in the latter form ; and they 
generally bear on their tips two or three straight 
prickles instead of one. The bilobed leaf appears 
also to be rather larger and somewhat broader, with 
the pedicel by which it is attached to the upper end 
of the petiole a little longer. The points on the 
infolded margins likewise differ ; they have narrower 
bases, and are more pointed; long and short points 
also alternate with much more regularity than in the 
European form. The glands and sensitive haira are 
similar in the two lonns. Ko quadrifid processes 
could bo seen on several of the leaves, but 1 do not 
doubt that they were present, though iudistinguish- 
ttble from their delicacy and from having shrivelled; 
for they were quite distinct on one leaf under circam- 
etancea presently to be mentioned. 

iSome of the closed leaves eoutaiued no prey, bat in 
one there was a rather large beetle, which from its 
flattened tibiffi I suppose was an aquatic species, but 
was not allied to Colymbetes. All the softer tissues 
of this beetle were completely dissolved, and its chiti- 
Qous integuments were as clean as if they had been 
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boiled in caustic potash ; so that it must have been 
enclosed for & considerable time. The glands were 
browiiLT and more opaque than those on other leavea 
whinh had caught nothing; and the quadrifid pro- 
cesses, from being partly tilled with brown granular 
'jintter, could be plainly distinguished, which was not 
the caae, as already stated, on the other leaves. Some 
of the points on the infolded margins likewise con- 
tained brownish granular matter. We thus gain 
additional evidence that the glanfls, the quadrifid pro- 
cesseB, and the marginal points, all have the power of 
absorbing matter, though probably of a dilTerent 
nature. 

Within another leaf disintegrated remnants of a 
rather small animal, not a crustacean, which had 
simple, strong, opaque mandibles, and a large unarti- 
cutated chitinoua coat, were present. Limipa of block 
organic matter, possibly of a vegetable nature, were 
enclosed in two other leaves ; but in one of these 
there was also a small worm much decayed. But the 
nature of partially digested and decayed bodies, which 
have been pressed flat, long dried, and then soaked in 
water, cannot be recognised easily. All the leaves 
contained unicellular and other Algie, still of a green- 
ish colour, which had evidently lived as intruders, in 
the same manner as occurs, according to Cohn, within 
the leaves of this plant in Germany. 

Aldrovanda vesiculosa, var. verttciUata. — Dr. King. 
Superintendent of the Botanic Gardens, kindly sent 
me dried specimens collected near Calcutta. This 
form was, I believe, considered by Wallich as a distinct 
species, under the name of verticShia. It resembles 
the Australian form much more nearly than the Euro- 
pean; namely in the projections at the upper end uf 
;he petiole being much attenuated and covered with 
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upcurved prickles ; they terminate also in two strMgbt 
little prickles. The l>ilobed leaves are, I believe, 
larger and certainly broader even than those of the 
Australian foiin ; so tbiit the greater convexity of 
their mai^ins was conspicuous. The length of an open 
leaf being taken at 100, the breadth of the Bengal 
form ia nearly 173, of the Australian foiin 147, and 
of the German 134. The points on the infolded 
margins are like those in the Australian form. Of the 
few leaves which were examined, three contained 
entomostracan crustaceans. 

Concluding Remarks.— Tiie leaves of the three fore- i 
going closely allied species or varieties are manifestly I 
adapted for catching living creatures. With respect ! 
to the functions of the several parts, there can be little | 
doubt tliat the long jointed hairs are seusitive, like 1 
those of Dioniea, and that, when touched, they cauae 
the lobea to close. That the glands secrete a true ' 
digestive fluid and afterwards absorb the digested i 
matter, is highly probable from the analogy of Dio-' 1 
n.-ea, — from the limpid fluid within their cells being . 
aggregated into spherical masses, after they had j 
absorbed an infusion of raw meat, — from their opaqna , 
and granular condition in the leaf, which had enclosed , 
a beetle for a long time, — and from the clean con- 
dition of the integuments of this insect, as well as 
of crustaceans (as described by Cohn), which have I 
been long captured. Again, from the efl'ect produced 1 
on the quadrifid processes by an immersion fur 24 hra. I 
in a solution of urea, — from the presence of brown I 
granular matter within the quadriJids of the leaf in -j 
which the beetle had been caught,— and from the j 
analogy of Utricular ia, — it is probable that these pro I 
cesses absorb excrementitious and decaying animal 1 
matter. It is a more curious fact that the points on 
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the infolded margins apparently serve to absorb de- 
cayed animal matter in the same manner as the qtiad- 
rifids. We can thus understand the meaning; of the 
infolded margins of the iobea furnished ftith delicate 
points directed inwards, and of the broad, flat, outer 
portions, bearing quadrifid procesaes ; for these sur- 
faces must be liable to be irrigated by foul water 
flowing from the concavity of the leaf when it con- 
tains dead animals. This would follow from various 
causes,— from the gradual contraction of the concavity, 
— from fluid in excess being secreted, — and from the 
generation of bubbles of air. More observations are 
requisite on this head ; but if this view is correct, we 
have the remarkable case of diflerent parts of the 
same leaf serving for very different purposes— one 
part for true digestion, and another for the absorption 
of decayed animal matter. We can thus also under- 
stand how, by the gradual loss of either power, a plant 
might be gradually adapted for the one function to 
the exclusion of the other ; and it will hereafter be 
shown that two genera, namely Pinguicula and Utri- 
cularia, belonging to the same family, have beeo 
adapted for these two different functions. 
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DtOHOphjl] iim — BtmctuTe oF leaves — Nature of tbe lecretion — Hui- 
nor of catching insecta^ Power of absorption — Digestion otBninitl 
Bubatances — Sunuuarj OD Drogophjllura — Roriiiuia — Bjblii — 
Glandnlnr baire of otber plants, their power of absorption — 8«i{- 
fn^a — Primula — Pelar^uium — Erioa — Mlrabilii — Nlootiona 
— fiumtDory on glandular hairs — Coatduding rouukrka on ths Dio- 



I)Rosopoyi,i,uM LOsiTAsrctiM. — This rare plant baa 
been found only in Portugal, and, aa I hear &om 
Dr. Hooker, in Morocco. I obtained living specim 
through the great kindneaa of Mr. W, C. Tail, and 
afterwai'ds from Mr. G. Maw and Dr. Moore. Mr. Tait' 
informa me that it grows plentifully on the sides of 
dry hills near Oporto, and that vast numbers of flies 
adhere to the leaves. This latter fact is well known 
to the villagera, who call the plant the "fly-catcher," ' 
and hang it up in their cottages for this purpose, 
plant in my hot-house caught so many insects during 
the early part of April, although the weather ' 
cold and iusects scarce, that it must have been io 
some manner strongly attractive to them. On four i 
leaves of a young and small plant, 8, 10, 14, and i 
16 minute insects, chiefly Diptera, were found in the 1 
autumn adhering fo them. I neglected to examine 
the roots, but I hear from Dr. Htxiker that they are 
very small, as in tbe case of the previously men- 
tioned members of the same family of the Droseracere. 
The leaves arise from an almost woody axis; the* 
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Are liiieur, miu.h Htteiiuated towards their tips, hikI 
several iiiehes in length. The upjier surfat;e is con- 
cave, the lower convex, with a narrow channel down 
the middle. Both surfaces, with the exception of the 
channel, are covered with glands, supjwrted on pedicels 
and arranged in irregular Icmgitudinal rows. These 
organs I shall call tentacles, from their close resem- 
blance to those of Drosera, though they have no power 
of movement. Those on the same leaf differ much in 
length. The glands also differ in size, and are of a 
bright pink or of a purple colour ; their upper sur- 
faces are convex, and the lower flat or even concave, 
so that they resemble miniature mushrooms in ap[)ear- 
ance. They arc formed of two (as I believe) layers 
of delicate angular cells, enclosing eight or ten larger 
cells with thicker, zigzag walls. Within these larger 
cells there are others marked by spiral lines, and 
apparently connected with the spiral 
vessels which run up the green multi- 
cellular peilicels. The glands secrete 
large drops of viscid secretion. Other 
glands, having tlie same general 
appearance, are found on the flower- 
peduncles and calyx. 

Besides the glands which are borae 
on longer or shorter pedicels, there 
are numerous ones, both on the upper 
and lower surfaces of the leaves, so 
small as to be scarcely visible to the 
naked eye. They are colourless and 
nlmost sessile, either circular or oval 
in outline ; the latter occurring chiefly ingiuwr'niu.. 
on the backs of the leaves (fig. 14). 
Internally they hiive fsactly the same stnicture as 
the larger glands which are supportf^d on pedicels; 
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and indeed the two aets almost graduate into one j 
auotlier. But the sessile glands difl'er in one im- 1 
portant respect, for they never secrete spontaneously, 
us ^r as I have seen, thoujfh I have examined ' 
them under a high power on a hot day, whilst 
the glands on pedicels were secreting copiously. 
Nevertheless, if little bits of damp albumen or fibrin 
are placed on these sessile glands, they begin after a 
time to secrete, in the same manner as do the glands 
of Dionajfl when similarly treated. When they were 
merely rubbed with a bit of raw meat, I believe that 
they likewise secreted. Both the sessile glands and 
the taller ones on pedicels have the power of rapidly 
absorbing nitrogenous matter. 

The secretion from the taller glands differs in a 
remarkable manner from that of Drosera, in being acid 
before the glands have been in any way excited ; and 
judging from the changed colour of litmus paper, more 
strongly acid than that of Drosera. This fact was 
observed repeatedly ; on one occasion I chose a young 
leaf, which was not secreting freely, and had never 
caught an insect, yet the secretion on all the glands 
coloured litmus pa[>er of a bright red. From the 
quickness with which the glands are able to obtain 
animal matter from such substances as well-washed 
fibrin and cartilage, I suspect that a small quantity of 
the proper ferment must be present in the secretion 
before the glands are excited, so that a little animal 
matter is quickly dissolved. 

Owing to the nature of the secretion or to the shajte i 
of the glands, the drops are removed from them with 
siiij^ular fmnlity. It is even somewliat difficult, by 
the aid of a finely pointed polished needle, slightly 
damped with water, to place a minute particle of any 
kind on one of the drops; for on ivithilrawiug the 
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needle, tlio drop is generally withdrawn ; whereas with 
Droaera there is no such difficiiUy, though the drops 
are occaaioniilly withdrawn. Fn^m this petriiliarity, 
when a small inaect alights on a leaf ol' Drosophylluni, 
the drops adhere to its wings, feet, or Iwidy, and are 
drawn from the gland; the insect then crawls onward 
and other drops adhere to it ; so that at last, bathed 
by the viscid secretion, it sinks down and dies, resting 
un the small sessile glands with which the surface ot 
the leaf is thickly covered. In the f*se of Drosera, 
au insect sticking to one or more of the exterior 
glands is carried by their movement to the centre of 
the leaf; with Drosophylluin, this is effected by the 
crawling of the insect, as from its wings being clogged 
by the secretion it cannot fly away. 

There is another difference in function between the 
glands of these two plants : we know that the glands 
of Drosera secrete more copiously when properly 
excited. Bnt when minute particles of carbonate of 
ammonia, drops of a solution of this salt or of the 
nitrate of ammonia, saliva, small insects, bits of raw 
or roast meat, albumen, fibrin or cartilage, as well as 
inorganic particles, were placed on the glands of Dro- 
sophyllum, the amount of secretion never appeared to 
be in the least increased. As insects do not commonly 
adhere to the taller glands, bnt withdraw the secretion, 
we can see that there would be little use in their 
having acquired the habit of secreting copiously when 
stimulated ; whereas with Drosera this is uf use, and 
the habit has been acquired. Nevertheless, the glands 
of Brusopbyllum, without being stimulated, continu- 
ally seci-ete, so as to replace the loss by evaporation. 
Thus when a plant was placed under a small bell- 
glass with its inner surface and support thoroughly 
wetted, there was no loss by evaporation, and so much 
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secretion was afciimiilftted ir. the course of a day thtttl 
it ran down the tentacles and covered large spaces of^ 
the leaves. 

The glands to which the above named nitrogenous' 
substances and liquids were given did not, as just j 
stated, secreto mure copiously ; on the contrary, they j 
absorbed their own drops of secretion with surprising i 
quickness. Bits of damp fibrin were p]a4:ed ou 
glands, and when they were looked at after an interval 
of 1 hr. 12 m., the fibrin was almost dry, the secre- ] 
tion having been all absorbed. So it was with three f 
cubes of albumen after 1 hr. 19 m., and with four oth^ J 
cubes, though these latter were not looked at until j 
2 hrs. 15 m. had elapsed. The same result followed I 
in between 1 hr. 15 m. and 1 hr. 30 m. when. particles ] 
both of cartilage and meat were placed on several f 
glands. Lastly, a minute drop (about i-'c of a minim) I 
of a solution of one part of nitrate of ammonia to j 
146 of water was distributed between the seci'etioB J 
surrounding three glands, so that the amount of fluid j 
surrounding each was slightly increased ; yet when j 
looked at after 2 hrs., all three were dry. On the ] 
other hand, seven particles of glass and three of coal- 
cinders, of nearly t)ie same size as tb<«e of the abovo ] 
named organic substances, were placed on ten glands ; 
some of them being observed for 18 hrs., and others I 
for two or three days ; but there was not the least ] 
sign of the secretion being absorbed. Hence, in tfan-j 
former cases, the absorption of the secretion inu8| J 
have been due to the preseiici' of some nitrogenous J 
matter, which was either already soluble or was reu* 1 
dered so by the secretion. As the fibrin was pure, T 
and had been well washed in distilled water afteC'l 
Ijcing kept "ji glycerine, and as tho curtilage had been J 
soaked in water, I suspect that these aubstoncea mnsk 1 



I 

i 



Chap. XV. ABSORPTION. 337 

bare be^n slightly acted on and rendered suluble 
within the above stated short periods. 

The glands have not only the power of rapid absorp- 
tion, but likewise of secreting again quickly ; and this 
latter habit has perhaps been gained, inasmuch as 
insects, ii' tbey touch the glands, generally withdraw the 
drops of secretion, whieh have to be restored. The exact 
period of re-secretion was recorded in only a few cases. 
The glands on which bits of meat were placed, and which 
were nearly dry after about 1 hr. 30 m., when lookwl 
at after 22 additional hours, were found secreting; so 
it was after 24 hrs. with one gland on which a bit 
of albumen had been placed. The three glands to 
which a minute drop of a solution of nitrate oi 
ammonia was distributed, and which became dry after 
2 hrs., were beginning to re-secrete after only 12 addi- 
tional hours. 

Te/ttftclea IncapaUe of Movemeni. — Many of the tall 
tentacles, with insects adhering to them, were care- 
fully observed ; and fragments of insects, bits of raw 
meat, albumen, &c., drops of a solution of two salts 
<jf ammonia and of saliva, were placed on the glands 
of iiiany tentacles ; but not a trace of movement could 
ever be detected. I also repeatedly irritated the 
glands with a needle, and scratched and pricked the 
blades, bul neither the blade nor the tentacles became 
at all inflected. W'e may therefore conclude that 
they are incapable of movement. 

On Die Poicer of Absorption possessed hj the Glands. — 
It has already been indirectly shown that the jrlands 
un pedicels absorb animal matter ; and this is furlhi'" 
shown by their changed wdonr, and by the aggregation 
of their contents, after they have been left in contact 
with nitrogenous substances or liquids. The following 
olMorvutions apply both to the glands supiMjrted on 
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pe<lic<:Is and to the miaiite sessile ones. Before afl 
^laiiil bos been in any way stiin ulateil, the exterior celllj 
eiiiunionly coutoiu only limpid purple Huid ; the mote,] 
central ones inclnding miiiberry-likc masses of puipl0Lj 
granular matter. A leaf was plaued in a little solatiuaJ 
of one piirt of oarbonate of aniiuunia to 14(i of wator (a I 
grs. to 1 oz.), and the glands were instiiiitly dorkened-j 
and very soi.in bf^came black ; this change being due I 
Ut the strongly marked aggregation of their contents," 
more especially of the inner cells. Another leaf \ 
placed iu a solntion of the same strength of nitrate o£ i 
ammonia, and ihe glands were slightly darkened in 
25 m., more so in oO ra., and after 1 hr. 30 m, were <A J 
80 dark a. red as to appear almost black. Other leaves, j 
were placed in a weak infusion of raw meat an 
hnmau saliva, and the glands were much davkene' 
25 in., and after 4U m. were so dark as almost to- 1 
deserve to be called black. Even immersion for a | 
whole day in distilled water occasionally induces s 
aggregation within the glands, so that they become of, i 
a darker tint. In all these cases Ihe glands are [ 
affected in exac^tly the same manner as those ofil 
Drasera, Milk, however, which acta so energetically 
on Drosera, seems rather less eftective on Droeo- 
phyllnm, for the glands were only slightly darkened ^ 
by an immersion of 1 hr. 20 m., bnt became decidedly, 
darker after 3 hrs. leaves which had been left for 
7 hi'S. iu an infusion of raw meat oi in saliva were 
placed in the solution of carbonate of ammonia, and 
the glands now became greenish; whereas, if they ■■ 
had been first placed in the carbonate, they would ' 
Lave become black. In this latter ca.se, the ammonia 
probably combines with the aciil of the secretiou, 
and therefore does not act on the colouring matter; 
but when the glands are first subjected to an organit 
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fluid, either tlie auid is conBumed in the work of di- 
gestion or the cell-walls are rendered more permealile, 
80 that the undecomposed carbonate enters and acts 
on the colouring matter. II' a particle of the dry 
carbonate ia placed on a gland, the purple colour is 
quickly discharged, owing probably to an excess of the 
salt. The gland, moreover, is killed. 

Turning now to the action of organic substances, 
the glands on which bits of raw meat were placed 
became dark-coloured ; and in 18 brs. their eon- 
tents were conspicuously aggregated. Several glands 
with bits of albumen and fibrin were darkened in 
between 2 hra, and 3 brs. ; but in one case the 
purple colour was completely discharged. Some 
glands which hail caught Hies were compared with 
others close by ; and though they did not differ much 
in colour^ there was a marked difference in their state 
of aggregation. In some few instances, however, there 
was no auoh difference, and this appeared to be due 
to the insects having been caught long ago, so that 
the glands had recovered their pristine state. In one 
case, a group of the sessile colourless glands, to which 
a small fly adhered, presented a peculiar appearance ; 
for they had become purple, owing to purple granular 
matter coating the cell-walls. I may hero mention 
as a caution that, soon after some of my plants arrived 
in the spring I'rtmi Portugal, the glands were not 
plainly acted on by bits of meat, or insects, or a 
solution of ammonia — a circumstance for which I 
cannot account. 

Digeation of Solid Aniinal Matter. — Whilst I was 
trying to place on two of the taller glands little cubes 
of albumen, these stipj>ed down, and, besmeared with 
secretion, were left resting on some of the small sessile 
glands. After '24. hrs. one of these cubes was fonni] 
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pompletely liquefied, but with a few white streain 
still visible ; the other was inuuh rounded, but not 
piite dissolved. Two other eubea were left on tall 
gltinda for 2 hrs. 45 m., by which time all the 8 
tion wua absorbed; but they were not perceptibly 
acted on, though no doubt some slight amount ■ 
animal matter had been absorbed from them. Th^f 
were then placed on the small sessile glands, whici 
being thus stimulated secreted copiously in 
course of 7 hrs. One of these cubes was mucj 
liquefied within this short time; and both were eon! 
pletely liquefied after 21 hrs. 15 m. ; the little liquid 
masses, however, still showing some white stre 
These streaks disappPAred after an additional periot 
of 6 hrs. 30 m. ; and by next morning (i.e. 48 bn,l 
from the time when the cubes were first placed i 
the glands) the liquefied matter was wholly absorbc 
A cube of albumen was left on another tall glandli 
which first absorbed the secretion and after 24 hn.] 
poured forth a fresh supply. This cube, now suei 
rounded by secretion, was left on the gland for t 
additional 24 hrs., but was very little, if at all, act* 
on. We may, therefore, conclude, either that T 
secretion from the tall glands has little power of dig( 
tion, though strongly acid, or that the amount pom 
forth from a single gland is insufficient to dissolve i 
particle of albumen which within the same time would:J 
have been dissolved by the secretion from several of the- J 
small sessile glands. Owing to the death of my 1 
plant, I was unable to ascertain which of these alte 
natives is the true one. 

Four minute shreds of pure fibrin were plac 
each resting on one, two, or three of tlie taller glandi 
111 the (Hjurse of 2 hrs. 30 m. the secretion was alia 
absorbed, and tJie shreds were left almost dry. They T 
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were then pushed on to the seasile glanda. One ahred, 
alter 2 hrs. 3U m., seemed quite disisulved, but this may 
have been a mistake. A second, when examined after 
17 hrs. 25 m., was liquefied, but the liquid as scon 
under the microscope still contained floating granules 
of Hbriu. The other two shreds were completely 
liquefied after 21 hrs. 30 m. ; but in one of the dropR 
ft very few granules could still be detected. These, 
however, were dissolved after an additional interval 
of 6 hrs. 30 m. ; and the surface of the leaf for sumo 
distance all round wae covered with limpid fluid. It 
thus appears that Drosophyllum dijrests albumen 
and fibrin rather more quickly than Drosera can ; 
and this may perhaps be attributed to tlie acid, 
t(igether probably with some small amount of the 
ferment, being present in the secretion, before the 
glands have been stimulated ; so that digestion begins 
at once, 

Condvding liemarks, — The linear leaves of Droso- 
phyllum differ but slightly from those of certain 
species of Drosera ; the chief differences being, firstly, 
the presence of minute, almost sessile, glands, which, 
like those of Dioniea, do not secrete until they are 
excited by the absorption of nitrogenous matter. But 
glands of this kind are present on the leaves of 
Drosera iiinata, and appear tn be represented by the 
papillfe on the leaves of Drosera rotundifolia. Secondly, 
the presence of tentacles on tliG backs of the leaves ; 
but we have seen that a few tentacles, irregularly placed 
and tending towards abortion, are retained on the 
backs of the leaves of Drosera binafa. There are 
greater differences in function between the two ge- 
nera. The most imjiortant one is that the tentacles 
of Brosophylluiu have uo power of movement; this 
kow being partially replaced by the drops of viscid 
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secretion being rt-adily witlitlr^wn from tlie glands; 
that, when an insect comes into contact with a drc 
it is able to crawl away, but aeon touches other drupij 
and then, smothered by the secretion, sinks down ( 
the sessile gUiiida and dies. Another difTereoce : 
that the secretion from the tall glands, before thM 
have been in any way excited, is strongly acid, 
perhaps contains a Bmall quantity of the prop< 
ferment. Again, these glands do not secrete moi 
copionsly from l)eing excited by the absorption i 
nitrogenons matter ; on fhe contrary, they then absort 
their own secretion with extraordinary quickness. Itf! 
a short time they begin to secrete again. All the«R 
circumstances are probably connected with the fact 
that insects do not commonly adhere to the glands 
with which they first come into contact, though this ■ 
does sometimes occiir; and that it ia chiefly the t 
cretion from the sessile glands which dissolves anima] 
matter out of their bodies. 



RORIDULA. 

Boridvla dentata. — This plant, a native of the westei 
parts of the Cape of Good Hope, was sent to me in I 
dried state from Kew. It has an almost woody BteoqV 
and branches, and apparently grows to a height ( 
some feet. The leaves are linear, with their aummifp 
much attenuated. Their upper and lower surface&a 
are concave, with a ridge in the middle, and both are J 
covered with tentacles, which differ greatly in length;. 
some being very long, especially those on the tip»fl 
of the leaves, and some very short. The glands alnll 
differ much in size and are somewhat eloiigate()«V 
They are supported on mnlticellular pedicels. 

This plant, therefore, agrees iu several respects Titl|4 
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Drofiophylliini, but differs in the following points. I 
could deteot no sessile glands ; nor would these havo 
been of any use, as the upper surface of the leaves is 
thickly clotherl mth pointed, unicellular hairs directed 
upwards. The pedicels of the tentiieles do not include 
spiral vessels; nor are there any spiral cells withiu the 
glands. The leaves often arise in tufts and are pin- 
natifid, the divisions projecting at right angles to the 
main linear blade. These lateral divisions are often 
very short and bear only a single terminal tentacle, 
with one or two short ones on the sidea. No distinct 
line of demarcation can be drawn between the pedi- 
cels of the long terminal tentacles and the much 
attenuated summits of the leaves. We may, indeed, 
arbitrarily fix on the point to which the spiral vessels 
proceeding from the blade extend ; but there is no 
other distinction. 

It was evident from the many particles of dirt stick- 
ing to the glands that they secrete much viscid matter. 
A large number of insects of many kinds also a^lhered 
to the leaves, I could nowhere discover any signs 
of the tentacles having been inflected over the cap 
tured insects ; and this probably would have been seen 
even in the dried specimens, hud they jxissessed the 
power of movement. Hence, in this negative cha- 
racter, Koridnla resembles its northern representative, 
Di-osophyllum. 

Byblis. 

Bi/blia gifjanina (Western Australia). — A dried 
specimen, about 18 inrhes in height, with a strong 
stem, was sent me from Kew, The leaves are 
some inches in length, linear, slightly flattened, with 
a small projecting rib on the lower surface. They 
are covered on all sides by glands of two kinds 
23 
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— Besaile ones arranged in rows, and others sup 
ported on moderately long pedicela. Towards the 1 
narrow summits of the leaves the pedieels are longer I 
than elsewhere, and hero equal the diameter of the J 
leaf. The glands are purplish, much fattened, and ] 
formed ol' a single layer of radiating cells, which in.l 
the larger glands are from forty to iifty in number, i 
The pedicels consist of single elongated cells, with J 
colourless, extremely delicate walla, marked with the 1 
finest intersecting spiral lines. Whether these lines 1 
are the result of contraction from the drying of the 1 
walls, I do not know, but the whole pedicel was often I 
spirally rolled ujj. These glandular hairs ai'e far mora i 
simple in structure than the so-called tentacles of the % 
preceding genera, and they do not differ essentially f 
from those borne by innumerable other plants. The 1 
flower-peduncles boar similar glands. The most sin- 
gular character about the leaves is that the apex is j 
enlarged into a little knob, covered with glands, and 
about a third broader than the adjoining part of the 
attenuated leaf. In two places dead flies adhered to 
the glands. As no instance is known of unicellnlar 
structures having any jx)wer of movement," Bybli^ 
no doubt, catches insects solely by the aid of itel 
viscid secretion. These probably sink down besmeared'! 
with the secretion and rest on the small sessile glandi^*]! 
which, if we may judge by the analogy of Druso^ 1 
pbyllum, then pour fourth their secretion and aflrir*.! 
wards absorb the digested matter. 

Supplemetitary Observations ott the Power of Ahtmrp'A 
iioTi bij the Glandular Hairs of other Plants. — A few^l 
observations on this subject may be here conveniently J 
introduced. As the glands of many, probably of all(.fl 
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the speciea of Droseraceie absorb various fluids or 
at least allow them readily to enter,' it seemed desir- 
able to ascertain how far the glands of other phints 
which are not specially adapted for capturing insects, 
had the same power. Plants were chosen for trial 
at hazard, with the exception of two species of saxi- 
frage, which were selected from belonging to a family 
allied to the Droseraceie. Most of the experiments 
were made by immeraing the glands either in an in- 
fusion of raw meat or more commonly in a solution of 
carbonate of ammonia, as this latter substance acta so 
powerfully and rapidly on protoplasm. It seemed also 
particularly desirable to ascertain whether ammonia 
was absorbed) as a small amount is contained in rain- 
water. With the Droseracere the secretion of a viscid 
fluid by the glands does not prevent their absorbing ; so 
that the glands of other plants might excrete super- 
fluous matter, or secrete an odoriferous fluid as a 
protection against the attacks of insects, or for any other 
purpose, and yet have the power of absorbing. I 
regret that in the following cases I did not try whether 
the secretion could digest or render soluble animal 
substances, but such experiments woidd have been 
diflicult on account uf the small size of the glands 
and the small amount of secretion. We shall see in 
the next chapter that the sei-retion from the glandular 
hairs of Pingmcula certainly dissolves animal matter. 

S'xi/ragti umhro'a.— The flu wer-ped uncles and petioles of the 
leaves are clotlied with short buira, hearing pink.coiouiwi gtaudn, 
formed of severai polygonal ccIIb, with their pedicels divided hy 
partitions into distinct cells, which are genemlly colourless, but 
ispiuk. The glands secrete ii yellowish viscid fluid, by 
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which miaute Dipt«ra arc eornQtimiH, thouglj not often, 
The cells of the glands contain bright pink Quid, charged iri 
granuluB or with globular niosyes of pinkish pulpy mntttr. T' 
matter muet bo proloplosm, for it is seen to undergo Blow 
incessant changes of form if a gland be placed in a drop of 
water and eiamint^ Simitar movemenia were observed &tUa 
glands had been immeraed in water for 1, 3, 5, 18, and 27 hrs. 
Even after this latter period the gknda retained their bright 
pink colour; and the protoplnsoi within their cells did not 
apiwar to have become more aggregated. The continnat]^'' 
changing forms of the little masses of protoplasm are not duo to- 
the absorption of water, as they were seen in glands kept dry. 

A flower-atem, still attached to a plant, waa bent (May 29) 
so as to remain immersed for 23 hrs, 30 m. in a strong infusjoil 
of raw meat. T)ie colour of the contents of the glands vrtm 
slightly changed, being now of a duller and more piirjile tint 
than before. The coatents also appeared more aggregated, tot 
the spaces between the little masses of protoplasm were wider ; 
hut this tatter result did not follow in some other and similxr 
expertinenta. Tlie masses seemed to change tlicir forms mors 
rapidly tlian did tliose in water ; so that the cells liad a djffor* 
ent appearance every four or five minutes. Elongated n 
became in the course of one or two minutes spherical 
spherical ones drew themselves out and united with othen> 
Minute masses rapidly increased In sisie, and three diatinot 
ones were seen to unite. The movements were, in sborl^ 
exactly like those described in tlie case of Drosera. The csU> 
of the pedicels were not a£;ct<<d by the infusion ; nor were th«7 
in the following esperiment. 

Another flower-atem was placed in the same manner and for 
tlie same length of time in a solution of one part of nitrate of 
ammonia to 146 of water (or 3 grs, to 1 oz,), and the gltmdE 
weie discoloured in exactly the same manner as by the '"tJi^ifWi 
of raw meat. 

Another flowor-stoia was immersed, as before, in a solution oC' 
one part of carbonate of ammonia to 109 of water. The glanda, 
after 1 hr, 30 ni., were not discoloured, but after 8 hrs. 4fi m. 
most of them had become dull purple, some of tbem bladdab^ 



* III the case nf Snri/mga Iri- sbmoo reinnantB uf ini 

da^tilliler,y[T. Druoe eayx (' I'hur- liered to the liavoa. Uoit ii, adfl 

luiLceutlcal .lonriial,' M.Ly IriT.^) I hear frnni a friend, with (T ~ 
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green, a few being still unaffeated. The little masRes of proto- 
plasm witiuD the mUb were setn in movement. The m!1b of the 
pedicels were unaltered. Tlie experiment was repestcd, and b 
fresh flowcr-Htem was left for 23 hre, in the solution, srad now b 
great effect was produced; all the glands were much blackened, 
and the previoualy transparent fluid in the cells of the pedicelH, 
oven down to their bases, contained apherical masses of granular 
matter. Bj comparing many diflerent hairH, it was evident that 
the glands first absorb the carbonate, and that the efluct thus 
prmiuced travels down the hairs from cell to cell. The Brat 
change which could he oliserved is n cluudy ajipuarsnce in the 
fluid, due to the formation of very One granules, which after- 
words aggregate into la^[er masses. Altogether, in the darken- 
ing of the glands, and in the process of aggregation travelling 
down the cells of the pedicels, there is the closest rcaenihlance 
to what takes place when a tentacle of Drosera is immersed in 
a weak solution of the same salt. The glands, however, absorb 
very much more slowly than those of Broscra. Besides the 
glandular hairs, there are star-shaped organs which do not 
appear to secrete, and which were not in the least affected by 
the above solntians. 

Although in the case of uninjured flower-Htems and leaves 
the carboniile seems to be absorbed only by the glands, yet 
it enters a cut surface much more quiukly than a gland. Strips 
of the rind of a flower-stem were torn off, and the cells of the 
pedicels wore seen to contain only colourless transparent fluid ; 
those of the glands including as usual some granular matter. 
These strips were then immersed in the same solution as before 
(one part of the carlx»nate to 109 of water), and in a few 
miimtes granular matter appeared in the lou^r cells of all tlie 
jK^celK. The action invariably commenced (for I tried the 
exfieriment repeatedly) in the lowest cells, and therefore close 
to the torn surface, and then gradually travelled up the hairs 
until it readied the glands, in a reversed dicectiou to what 
(iccurs in uninjured specimens. The glands then became dis- 
coloured, and the previously contained granular matter was 
aggregated into larger masaca. Two short bila of a flower-atem 
were also left for 2 hrs. 40 m. in a weaker solution of one part 
of the carbonate to 218 of water ; and in teth specimens the 
pedicels of the hairs near the cat ends now contained njuch 
granular matter ; and the glands were completely discoloured. 

Lastly, bits of meat wi^re placed on some glands ; thcBe were 
examined after 23 hrs., as were others, which had apparently 
not long before canghl minute flies; but they did not present an} 
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diSbrence from the glands of other hnirs. Perhaps there n 
not have been time enongh for alieorptiDn. I think so 
glandB, on which dead flies had eTidenlly long Iflin, irere of a _ 
pale dirty purple coloiir or even alraiist colonrlcas, and ttia 
granular matter within them presented an unusual and aome- 
what peculiar appearance. That theoe glands hod absorbed 
animal matter from the Bies, probably by czosmose into the 
TiBcid secretion, we may infer, not only from their changed 
colour, but because, when placed in a solution of carbonate at 
ammonia, some of the cells in their pedicels become ^'/#-J with 
granular matter; whereas the cells of other hairs, which bed 
not caught fliee, after being treated with the sanio solution ft>r 
the same length of time, contained only a small qnantity 
of granular matter. But more evidence is necessary before we 
fully admit that the glands of this saxifrage can absorb, evett 
with ample tjme allowed, animal matter from the minuts >| 
insects which they occasionally and accidentally capture 

S-ixi/r-iya rotu.i'lifol'a (?).— The hairs on the flower-stems of ^ 
this species are longer than th^jse just described, and l)9ar pale -i 
brown glands. Many were examined, and the cells of the 
pedicels were quite transparent, A bent stem wna imraursed 
for 30 m. in a solution of one part of carbonate of amn 
109 of water, and two or three of the upjieniiOBt cells in the 
pedicels now contained granular or act;re^ted matter ; 
glands having become of a bright yellowish-green. The glands 
of this species therefore absorb the carbonate much ] 
quickly than do those of Saxi/raga nmhrim, and the upper 
cells of the pedicels are likewise affected much more quickly. 
Pieces of the stem were cut off and immersed in the same 
solution ; and now the process of aggregation travelled up the 
hairs in a reversed direction ; the cells close to the cut sur- 
faces being first affected. 

Primula Binensi'i. — The flower-stems, the upper and lower fav- i 
(aoee of the leaves and their footstalks, arc all clothed with » 
multitude of longer and shorter hairs. The pedicels of tho 
longer hairs are divided by transverse partitions into eight or 
nine cells. The enlarged terminal cell is plotmlar, forming K 
gland which Kecretee a variable amount of thick, slightly viscid, 
not acid, brownish-yellow matter. . 

A piece of a young flower-stem was first immersed in distilled J 
water for 3 hrs. itO m., and the glandular heirs were not at att ■ 
affected. Another piece, bearing twenly-IIve short and niua f 
long hairs, was carefully esattiined. The glands of the latter^ 
contained no solid or semi-solid matter; and tho.se of only t<n 
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of i!ie tweutj-fivo sliort haire contunod Rome globuloe, Thin 
piece waa then imraersi'd for 2 hra. in a Boliition of one part of 
carlionate of aroraonifi to 109 of vfuter, and now the glftnils of 
the twenty-five shorter hajrs, with two or three exceptions, coii- 
tajnsd either one large or from two to five EiDuUer spherical 
iniiBBcs of Bemi-Bolid matter. Threeof theghindsof the nine lung 
hairs likewise included Hitnilar masses. In a few hHirs there 
were alao glohulefc in the cgIIh inimcdintnly beneath the glands. 
Irixiking to all tliirty-four hairs, tliero could bo no doubt that 
the glands had absorbed some irf the cnrbonate. Another pit"«) 
was left for only 1 br. in the same solution, and aggregated 
natter appeared in all the glands. My son Fnincia examined 
some glands of the longer hairs, which coutaint>d little maMtcts 
of matter, befote Ihey were immersed ia any solution; and 
llieBo masses slowly changed their fomia, so that no doubt the; 
consisted of protoplasm. He then irrigated these hairii for 1 hi. 
I'^f m., whilst under the mici'oscope, with a solution of ono )JHrt of 
the carbonate to 213 of water; the glands were not perceptibly 
affectpd, nor could this hate been expected, OS their contents were 
olrendy aggregated. But in the cells of the iwdicels mimeruHR, 
almost colourlcAB, spherea of matter appeared, which eliantfed 
their forms and slowly coaleaoed ; the appearance of the cella 
being thus totally changed at successive intervals of time. 

The glands on a joung fiower-stem, after having been left 
for 2 hrs. 45 m. in a strong solution of one part of the carlionate 
to 109 of water, contained an abundance of aggregated mfiSBOS. 
but whether generated by the action of the salt, I do not 
know. This pieee was again placed in the solntion, so that 
it was immersed altogether for 6 bra. 15 m., and now there was 
a great change : for almot^t all the spherical mnsses within 
the gland-cells had disappeared, lieing replaced by granular 
matter of a darker brown. The experiment was thrice re- 
peated with nearly the same result On one occasion the piece 
was left immersed for a hrs. 30 m., and though almost all the 
ir{)herinil ruossos were changed into the brown gi'annlor roiittei, 
a few still remained. If the spherii'al masses of aggregated 
matter hod been originally prodnced merely by some cliemical 
or physical action, it etmnm strange that a soniowhat longer 
immersion in the same solution should go completely alter 
their character. But as the masses which slowly 
spontaneously changed their forms must have consisted 
living protoplasm, there is nothing surjirit^iug in ita being 
Injured or killL-d, and its ap|)earHnce wholly changed by 
immersiou in so strong a solution of the carliouale as 
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employed. A solution of tliis strength pftraiysea all movement 
in Droeero, but does not kill the protoplasm; a Btill stronger 
eulution prevents the protoplaGm from a^'gregating into the 
orifinnr; full-eized globular masGfs, and these, though they 
do not disintegrate, l>ecome gronulnr and opaque. In nearly 
the same niauiicr, too hot water and certain solutions (for 
instance, of tlie salts of soda and potash) cauHe at first ftn 
imperfect kind of aggregation in the colls of Droeera; the little 
mosses afterwards breaking up into granular or pulpy brown 
matter. All the foregoing experiments were made oq tlower- 
slt;ms, but a piece of a leaf was immersed for 30 m. in a strong 
solution of the carbonate (one part to 109 of irater), and littte 
globular masses of matter appeared in all the glands, which 
before contained only limpid fluid. 

I made also several experiments on the action of the vapour 
of the carbonate on the glands; but will give only a fow citseo. 
The cut end of the footstalk of a young leaf was prote'^tcd with 
sealing-wa.'s, and was then placed n: der a small bell-glass, with 
a targe pinch of the CAi'bonal«. After 10 m. the glands showed 
a considerable degree of aggregation, and the protoplasm lining 
the cells of the pedicels was a little separated from the walla. 
Another leaf was left for 50 m. with the same result, excepting 
that the hairs became throughout their whole length of ft 
brownish colour. In a third leaf, which was exposed fiir 1 hr. 
50 m., there was much aggregated matter in tlie glands; and 
some of tlie masses showed aigns of breaking up into browB 
granular matter. This leaf was again plactd in the vapour, , 
BO that it was exposed altogether for 5 hrs. 30 ra. ; and now, 
though I examined a large number of glands, aggregated 
masses were found in only two or three ; in all the others, 
the masses, which liefore had been globular, were converted 
into brown, opaque, granular matter. We thus see that 
exposure to the vapour for a considerable time produces Ihesama 
effects as long immersion in u strong solution. In both cases 
there could hardly be a doubt that the salt had been absorbed 
chicfij or exclusively by the planilB. 

On another occasion bits of d«nij> fibrin, drops of a weak in- 
fusion of raw meat and of water, were left for 2i hrs. on soine 
loavBs; the hairs wore t lieu examined, but to my surprise diiG 
iu no respect from others which had not been touched by th^aa . 
fluids. Most of the ceils, however, included hyaline, inotionh«s ,. 
little spheres, whiuh did not sc'cm to consist of proloplaam, 
but. I suppose, of some Imlsam or essential oil. 

Ftlarytmiaiii loiMk (mr. LiJgt'd with wlii'e). — The leavai 
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nre clotlicd with nnraerous muUiceUular ImirB; sorae simply 
jniDtcd ; otIieTB beflriug glunduloT lieiubi, and differing mach id 
length. The elands on & piece of leaf were exutniiied and found 
to contain only limpid fluid ; moet of the water waa removed 
from beneath the covering glass, and a minute drop of one part 
of carbonate of ammonia to 146 of water tras added ; bo that nil 
extremely small dose was given. After an interval of only 3 ra. 
there were signs of aggregation within the glands of the shorter 
hairs; and after 5 m, nuiny small globules of a pale brovm tint 
apptsared in all of them; similar globules, but larger, being 
found in the large glands of the longer hairs. After tho ajieci- 
men liad been left for 1 hr. in the solution, mauy of the sujallcr 
globules had changed their positions; and two or three vacuoles 
or smalt spheres (for I know not which they were) of a rather 
darker tint ap))eared wiUiiu some uf the larger globules. 
Little globules could now bo seen in some of tho uppermost 
colls of the pedicels, and the protoplanmic lining was slightly 
separated h-om the walls of the lower wlls. After 2 hrs. 30 m. 
from the time of first immersion, the hifge globules within 
the glands of tho longer hairs were concerted into maseos of 
darker brown granular matter. Eenco from what we have aetm 
with I'ri'mula sine-isi'i, there can bo little doubt that these 
masses originally ponslsted of living protoplasm. 

A drop of a weak infusion of raw neat was placed on a lent', 
and after 2 hrs. BO m. many spheres could be bccu within the 
glands. Tliese spheres, when looked at again after 3U ui., lind 
slightly changed their positions and forms, and one hod sejinr 
rated into two; but the changes were not quite like those which 
the protoplasm of Brosera undergoes. TheRo haire, moreover, 
had not been examined before immersion, and there were similar 
spheres in some glands which had not been touched by the 
infusion. 

A'.ica leUalU.^A few long glandular hairs project from the 
margins of tho upper sarfacue of the It-aves. The pediculs are 
formed of several rows of eel Is, and support rather larp) globular 
heads, socrotjng viscid matter, by which minute in^^cts are 
occasionally, though rarely, caught. Some Ifftves were left for 
Ua lira, in a weak infUNiou of raw meat and in water, and 
tlie hairs were then arapared, but tbey differed very little or 
not at all. lu Ixitli coHes the contents of the cells seemed rather 
more granular tlwn Uiej wore before ; but the granules did not 
exhibit any movement. Other leaves were left for 23 hrs. iu a 
solution of one part of carlioiifttij of aiiimonia to 'il8of wiiitr, 
aad liere ngain the granular matter appcarud to have intruused 
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in amount; but one such moRerctAinodexB^tl; the F&ae fonn : 
before after an inlerral of 6 hrs., bo that it could hardly ha' 
consisted of living protoplasm. These glands »«ni to have veij 
little or no power of aheorption, certainly much less than thuBA' 
of the foregoing plants. 

MirabiiiK limgifiorii. — The stems and both enrfaces of thai 
leaves bear viseid hairs. Young plants, from 1'2 to 18 incheat 
in height in my greenhouse, caught so many minute Dipt 
Coleoptera, and larva, that tliej were quite dnsled with thei 
The hairs are short, of unequal lengths, formud of a single 
of ealts, stirmoiuited by an enlarged c<:11 which secretes viacid' 
matter. These terminal cells or glands contain granules and 
often globules of granular matter. Within a gland which had 
canght a small insect, one such mass was observed to nndergt? 
incessant changes of form, with the occasional appearance uf 
vacuoles. But I do not believe that this protoplasm hod hceu 
generated by matter absorbed from the dcaii inseiit; for, 
on comparing several glands which had and had not caught 
insects, not a shade of difference could be perceived between 
them, and they all contained line granular matter. A pieee of 
leaf was immersed for 24 hrs, in a solution of one jiart of cat> 
bonato of ammonia to 218 of water, but the hairs seemed verj 
little affeetod by it, excepting that perhaps the glands were 
rendered rather more opaque. In the leaf itself, however, the 
grains of chlorophyll near the cut surfaces had run together, 
or become aggregated. Nor were the glands on another leaf, 
after an immersion fur 24 hrs. in an infusion of raw meat, 
the least affected; but the protoplasm lining the cells of tim 
pedicels had stirunk greatly from the walls. This latter effeoti 
may have been duo to esosmose, as the infnsion was attong,' 
We may, therefore, coucludo that tlie glands of this plant eithw^ 
have no power of absorption or that the protoplasm which th^J 
contain is not acted on by a solution of carbonate of ammouii 
(and this seems scarcely credible) or t)y an infusion of meat. 

Skulinna tnbacum. — This plant is covered with inunmeral 
haint of unequal lengths, which catch many minute 
The pedicels of the hairs are divided liy transverse pnrtjtit 
and the secreting glands are formed of many cells, eontainii 
gi-eeniah matter with little globules of some substance. Lea' 
were left in an infusion of raw meat and in water for •& br(i,j 
but presented no difference. Sonie of these se 
were then left for above 2 hrs. in a siilntion of carlionate 
ammonia, but no effect nas produced. 1 regret that othi 
eiperimeuts were not tried with more core, as M. Sijhlauej 
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haa shown * that tolmcco plants aiippliml with the vapotir of 
Farbooate of ajnmoim jrield on analjaia a greater arnuunt of 
nitrogen tban other plants not thus treated; anil, from whiit 
we havo seen, it U probable that somu of tlie vupotir may be 
absorbed bj the gkndalar hain. 

Summary of the Ohiervations on Glanthdar Hairs. — 
From the foregoing observations, few as tliey are, we 
see that the glanda of two species of Saxifraga, of a 
Primula and Pelargonium, Lave the power of rapid 
ahsorptiuii ; whereas the glands of an Erica, Mirabilis, 
and Sicotiana, either havo no sutih power, or the 
contents of the cells are not affected by the fluids 
employed, namely a solution of carbonate of am- 
monia and an infusion of raw meat. As the glands 
of the Miral)ilis contaiu protoplasm, whicli did not 
become aggregated from exposnte to the fluids just 
named, though the contents of the cells in the blade 
of the leaf were greatly affected by carbonate of 
ammonia, we may infer that they cannot absorb. We 
may further infer that the innumerable insects caught 
by tbia [ilant are of no more service to it than are 
those which adhere to the deciduous and sticky scales 
of the leaf-buds of the liorse-chestnut. 

The most interesting case for us is that of the two 
species of Saxil'raga, as this genus is distantly allied 
to llrosera. Their glands absorb matter from an 
infusion of raw meat, from solutions of the nitrate 
and carbonate of ammonia, and apparently irom 
decayed insects. This was shown by the changed 
dull purple colour of the protoplasm within the cells 
of the glands, by its state of aggregation, and appa- 
rently by its more rapid spontaJn'oiis movements. 
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The aggregating process spreads from the glands 1 
down tbe pedicels of the hairs ; and we may assume 
that any matter which is absorbed ultimately reai.'hes i 
the tissues ol' the plant. On the other hand, the process I 
travels up the hairs whenever a surface is cut and ex- | 
posed to a solution (;f the carbonate of ammonia. 

Tbe glands on the flower-stalks and leaves of I 
Primuia sitieiish quiekly absorb a solution of the \ 
carbonate of ammonia, and the protoplasm which they 
contain becomes aggregated. The process was seen I 
in some cases to travel from the glands into the upper i 
cells of the pedicels. Exposure for 10 m. to the J 
vapour of this salt likewise induced aggregation, i 
When leaves were left from 6 hrs. to 7 hrs. in a strong ] 
solution, or were long exposed to the vapour, the little I 
masses of protoplasm became disintegrated, brown, aacl J 
granular, and were apparently killed. An infusion of J 
raw meat produced no effect on the glan'ls. 

The limpid contents of the glands of Felarffontum 1 
zonale became cloudy and granular in from cS m. to 5 m. i 
when they were immersed in a weak solution of the car- 1 
bonate of ammonia; and in the course of 1 lir. grauulcs 
appeared in the upper cells of the pedicels. As the t 
aggregated masses slowly changed their forms, and as | 
they suffered disintegration when left for a consider- J 
able time in a strong solution, there can be little doubt j 
that they consisted of protoplasm. It is doubtful \ 
whether an infusion of raw meat produced any e£fect. 

The glandular hairs of ordinary plants have g«a»-l 
rally been considered by physiologists to serve ohIt'J 
us secreting or excreting organs, but we now know that 'J 
they have the power, at least in some c-ases, of absorbin{jil 
lioth a solution and the vapour of ainmunia. As raiu-^ 
water contains a small percentage of ammonia, and the ■'. 
atmosphere a minute ijnantity of the curbonate, thtl 
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IMjwer can hardly fail to be beneficial. Nor pan thft 
boneSt be quite so insignificant as it might at first be 
thought, for a moderately fine plant of Primula 
tiitennis bears the astoniahin;;; number of above two 
millions and a half of glandular hairs," all of which 
are able to absorb ammonia brought to them by tho 
rain. It is moreover probable that the glands of some 
of the above named plants obtain animal matter from 
the inaects which are oct-asionally entangled by the 
viscid secretion- 

CONCLUDING BeHARKS ON THE DitOSEUACE-E, 

The six known genera composing this family have 
now been described in relation to our present subject, 
•ia far as my means have permitted. They all capture 
insects. This is effected by Drosophyllum, Koridula, 
and Byblis, solely by the viscid fluid secreted from 
their glands; by Drosera, through the same means, 
together with the movements of the tentacles ; by 
Diontea and Altlrovanda, through the closing of the 
blades of the leaf. In these two last genera rapid 
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planimetfr to be 3S'285 square 
iui^lios; so tliHl the urea of both 
Biirfiuvw wan TH'ST wiuure iiiohcB. 
TliuB the plimt ( excluilin" tho 
Uower-ntOTiu) must have borne 
the lutoniiihinij' number of 
2,SG'«,0:>9 t'Undular hair*. Ti.e 
luiira were oounled late in tbe 
autumn, anil bj the following 
■pring iMuy) the letivea of anins 
oilier pluuta of the name lot were 
found to be from nno-tbird to oiv 
fourth broader and longer .lun 
liiej were befnrt' : so tliat no 
doubt the glandular hairs had 
inoreiised in number, and pn> 
bably now luuob exceeded ttirer 
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movement makes tip for the loss of viscid secretioi 
In every case >t is some piirt of the leaf which moves 
In Alilrovanda it appeara to be the basal parte alondt^ 
which contract and carry with them the broad, tluHv 
margins of the lobes. In Dioniea the whole lobo, withT 
the exception of the marginal prolongations or Bpike^a 
curves inwarda, though the chief seat of movement i 
near the midrib. In Droscra the chief seat is in iiuS 
lower part of the tentiic'les, which, homologically, majii 
be considered as prolongations of the leaf; but thfd 
whole blade often curls inwaids, converting the let 
into a temporary stomach. 

There can hardly be a doubt that all the planti 
belonging to these sis genera have the power of di^9 
solving animal matter by the aid of their secretioDtJ 
which contains an acid, together with a ferment 
almost identical in nature with pepsin ; and that the^ 
aftt.'rwards absorb the matter thus dig^ested. This 14^] 
certainly the case with Drosera, Drosophyllnm, and) 
Diona«i ; almost certainly with Aldrovanda ; and, froiii.4 
analogy, very probable with Roridula and Byblis. WflS 
can thus understand how it is that the three first-] 
named genera are provided with such small roots, and i 
that Aldrovanda is quite rootless; about the roots 1 
of the two other genera nothing is known. It is, no 
doubt, a surprising fact that a whole group of plants 
(and, as we shall presently see, some other plants 
not allied to the Droseraceffi) should subsist partly by 1 
digesting animal matter, and partly by decomposiiig|fl 
carbtinic acid, instead of exclusively by this latte 
means, together with the absorption of matter firom^ 
the soil by the aid of roota. We have, however, 1 
equally anomatona case in the animal kingdoi 
rhizocephalous crustaceans do not feed like othoi 
animals by their mouths, for they are destitute of t 
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alimeotary canal; but they livo hj abaorbiiig tlinmgh 
riMit-tike processes the juices of the animals on which 
they are parasitic* 

Of the six genera, Divsera Las been incomparably 
the most successful in the battle for lite ; and a large 
part of its success may be attributed tu its manner 
of catching insects. It is a dominant form, for it ia 
believed to include about 100 siHseies.t which range in 
the Old World from the Arctic regions to Southern 
India, to the Cape of G<K>d Hope, Madagascar, and 
Australia; and in the New Worlil from Canada to 
Tierra dtil Fuego, In this respect it presents a marke4 
contrast with the five other genera, which appear to be 
failing groups. Dionsea includes only a single species, 
which is confined to one district in Carolina. The 
three varieties or closely allie<l species of Aldrovauda, 
like so many water-plants, have a wide range from 
Central Europe to Bengal and Australia. Droso- 
phyllum includes only one siteciea, limited to Portugal 
and Morocco. Roridula and Byblis ea«h have (as I 
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rle, the Avela*mii '•iwitv-ela, hud 
becnme extinct, it woiiM have 
been very clifBcult to winjeoture 
how wi enonn'iuti u vhiiii^ ooulil 
_ _ gnulimlly efftoted. 

But, u Friti Miiller r.riuiitk», we 
baTu in AiiuloEmu an iminwil in 
an uliaoiit oxuctly itilcnuHliiitc 



condition, for it has roni liku pro- 
oessea ombodil«l in the skin of tlie 
Bhork on which it is parasitii?, itn<l 
ila pri^hensile cini and month (oa 
described in my mouoeraph on 
tlio LepodtdKi, -finy 8oc.' 1851, 
p. ItiS) Hre in a most feublo olid 
ulnuwt ruiliineutury ooliiUtion. 
Dr. R. KuHsmauu lius given a vciy 
interesliiig diHCUMion on thii> 
BubJGot iu bin '^uotoria and I.t- 
podjdn,' ISTi. See also, l>r. 
I'ohru, ' T)er I'nprung der Wir- 
beltbiero.' IB7S, p. 77. 

t Bvntbiuu and Hook(<r, > Genuni 
PInnturiiiii,' Aiutraliti in thuniu- 
tropiilbi of tlib genus, forty-nug 
s|>ui.'i(ii buviDg been d<w(sri)ied 
IWiiii tbi» country, lus Prof. OllvM 
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hear from Prof, Oliver) two species ; the former con- 
lined to the western parts of the Capo of Orood Hope, 
and the latter to Australia. It is ii stmtige fact that 
Dionrea, which ia one of the most beautifully adapted J 
plants in the vegetable kingdom, should apparently be J 
on the high-road to extinction. This is all the moiWJ 
strange as the organs of Dioniea are more highly 1 
difl'erentiated than those of Drosera ; its filamentK-| 
serve exclusively as organs of biuch, the lobe-s fof f 
rapturing insects, and the glands, when excited, focj 
secretion as well as for absorption; whereas with I 
Drosera the glands serve all these purposes, andsecretaj 
without being excited. 

By comparing the structure of the leaves, tbettfl 
degree of complication, and their nidinientary partk] 
in the six genera, we are led to infer that their commoB'T 
parent form partook of the characters of DrosophylluD,^ 
Roridiila, and Byblis. The leaves of this ancient funn ij 
were almost certainly linear, perhaps divided, and borBu 
on their upper and lower surfaces glands which had J 
the power of secreting and absorbing. Some of thesdll 
glands were mounted on pedicels, and others weraj 
almost sessile ; the latter secreting only when stimu- j 
lated by the absorption of nitrogenous matter. In ' 
Byblis the glands consist of a single layer of cells, 
supported on a unicellular pedicel ; in Roridula they 
have a more complex structure, and are supported on 
pedicels formed of several rows of cells; in Droao- j 
phyllum they further include spiral cells, and thepedi*-! 
eels include a bundle of spiral vessels. But in thesCR^ 
three genera these organs \\u not possess any power, a 
movement, and there is no reason to doubt that th^l 
are of the nature of hairs or trichomes. Although inM 
innumerable in.'itiinci's foliar organs move when ex» 
cited, no case is kmnvu of u fri-'binne having soolb >j 
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power." We are thus led to inquire how the so-called 
tentacles of Drosera, which are mauifestly of the same 
general nature as the gliin<liil>ir hail's of the above 
three genera, could have ae(iuired the power of moving. 
Many botanists maintain that these tentacles consist 
of prolongations of the leaf, because they include vas- 
cular tissue, but this con no longer be considered as a 
trustworthy distinction.t The possession of the power 
of movement on excitement would have been safer 
evidence. But when we consider the vast number of 
the tentacles on both Biirfacea of the leaves of Droso- 
phyllum, and on the upper surface of the leaves of 
iJrosera, it seems scarcely possible that each tentacle 
conld have aboriginally existed as a prolongation of 
the leaf, Horidula, perhaps, shows us how we may 
reconcile these difficulties with respect to the homo- 
logical nature of the tentacles. The lateral divisions 
of the leaves of thia plant terminate in long tentacles ; 
and these include spiral vessels which extend for only 
a short distance up them, with no line of demarcation 
between what is plainly the prolongation of the leaf 
and the pedicel of a glandular hair. Therefore there 
would be nothing anomalous or unusual in the basal 
parts of these tentacles, which correspond with the 
marginal ones of Brosera, acquiring the power of 
movement; and we know that in Drosera it is only 
the lower part which becomes inflected. But in order 
to understand how in this latter genus not only the mar- 
ginal but all the inner tentacles have become caimble 
of movement, we must further assume, either that 
through the principle of correlated development thia 
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power was transferred to the basal parts of the hiiirs, 
or that the surface of the leaf haa been prolonged 
upwards at mimeroua points, so as to unite wiih the 
huirs, thus forming the bases of the inner tentacles. 

The above named three genera, namely Dr( 
phylluni, Roridula, and Byblis, which appear to ha' 
retained a primordial condition, still bwir glandular 
hairs on both surfaces of their leaves ; but those on 
the lower surface have since disappeared in the more 
highly developed genera, with the partial exception. 
of one species, Drosera biimla. The small sessi 
glands have also disappeared in some of the genei 
being replaced iu iiuridula by hairs, and in moal 
species of Drosera by absorbent papillce. Dn 
binatit, with its linear and bifurcating lea 
an intermediate condition. It atill bears some sessilt 
glands on both surfaces of the leaves, and on the low) 
surface a few irregularly plotred tentacles, which arei 
incapable of movement. A further slight chai 
would convert the linear leaves of this latf«r specit 
into the oblong leaves of Drosera anfflica, and thi 
might easily pass into orbicular ones with foutetalki 
like those ofDroaera rotandifolia. The footstalks of 
latter species bear multicellular hairs, which we hai 
good reason to believe represent aborted tentacles. 

The parent form of Diona;a and Aldrovanda seen 
have been closely allied to Drosera, and to have hi 
rounded leaves, supported on distinct footstalks, oodj 
furnished with tentacles all round the circumferem 
with other tentacles and sessile glands on the up 
surface. I think so because the marginal spikes 
Dionfea apparently represent the extreme margii 
ttmtacles of Drosera, the six (sometimes eight) scnsitin 
£lamcnts on the upper surface, as well as the moi 
s ones in -Vldrovauda, representing the cenl 
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tentacles of Drosera, with their glands aborted, but their 
Bensitiveness retained. Under tins iwint of view we 
should bear in mind that the summits of the tentacles 
of Brosera, cloae beneath the glands, are aenaitive. 

The three most remarkable characters possessed by 
the several members of the Drosenieeffl consist in tho 
leavea of some having the power of movement when 
excited, in their glands secreting a fluid which digests 
animal matter, and in their absorption of the digested 
matter. Can any light be thrown on the steps 
by which these remarkable powers were gradually 
acquired ? 

As the walls of the cells are necessarily permeable 
to fluids, in order to allow the ghinds to secrete, it is 
not surprising that they should readily allow fluids to 
pass inwards ; and this inward passage would deserve 
to be called an act of absorption, if the fluids com- 
bined with the contents of tho glands. Judging from 
the evidence above given, the secreting glands of 
many other plants can absorb salts of ammonia, of 
which they must receive small quantities from the rain. 
This is the case with two species of Saxifraga, and the 
glands of one of them apparently absorb matter from 
captured insects, and certainly from an infusion of raw 
meat. There is, therefore, nothing anomalous in the 
I!)roserace£B having acquired the power of absorption 
in a much more highly developed degree. 

It is a far more remarkable problem how the 
members of this family, and Finguicula, and, as Dr. 
Hooker has recently shown, Nepenthes, could all have 
acquired tho power of secreting a fluid which dia- 
or digests animal matter. The sis generii of 
tho Droseraceie have probably inherited this power 
from a common progenitor, but this cannot apply to 
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Pinguicula or Nepenthes, for these plants are not at all 
closely related to the Droseraeeie. But the difficulty 
ia not nearly so great as it at firat appears. Firstly, the 
juices of many plants contain an acid, and, apparently, 
any acid serves for digestion. Secondly, as Dr. Hooker 
haa remarked in relation to the present subject in hia 
address at Belfast (1874), and as Sachs repeat«dly 
insists," the embryos of some plants secrete a fluid 
which dissolves albuminous substances out of the 
endosperm ; although the endosperm is not actually 
united with, only in contact with, the embryo. All 
plants, moreover, have the power of dissolving albu- 
minous or pi-oteid substances, such as protoplasm,. 
chlorophyll, gluten, aleurone, and of carrying them. 
from ono part to other parts of their tissues. This' 
must be effected by a solvent, probably consisting <rf 
a ferment together with an acid.t Now, in the case <rf 
plants which arc able to absorb already soluble matter 
from captured insects, though not capable of true 
digestion, the solvent just referred to, which must be 
occasionally present in the glands, would be apt to 
eiude from the glands together with the viscid secre- 
tion, inasmuch as end osmose is accompanied by 
exosmose. If such exudation did ever occur, the 
solvent would act on the animal matter contained 
within the captured insects, and this would be am 
act of true digestion. As it cannot be doubted 
that this process would be of high service to plant! 
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growing in very poor soil, it would tend to be perfected 
through natuml selection. Therefore, any ordinary 
plant having viscid glanda, which occasionally caught 
iuaects, might thus be converted under favourable cir- 
cumstances into a species capable of true digestion. It 
ceases, therefore, to be any great mystery how several 
genera of plants, in no way closely related togetlier, 
have independently acquired this same power. 

As there exist several plants the glands of which 
cannot, as far as is knoi^n, digest animal matter, yet 
can absorb salts of ammonia and animal fluids, it is 
probable that this latter power forms the first stage 
towards that of digestion. It might, however, happen, 
under certain conditions, that a plant, after having 
acquired the power of digestion, should degenerate 
into one capable only of absorbing animal matter in 
solution, or in a state of decay, or the final products 
of decay, namely the salts of ammonia. It would appear 
that this has actually occurred to a partial extent with 
the leaves of Aldrovanda ; the outer parts of which 
possess absorbent organs, but no glunds fitted for the 
secretion of any digestive fluid, these being confined 
to the inner ports. 

Little light can be thrown on the gradual aoqnlre- 
ment of the third remarkable character possesaed by 
the more highly developed genera of lie Droseracese, 
namely the power of movement when excited. It 
should, however, be borne in mind that leaves and 
their homoiogues, as well as flower-peduncles, have 
gained this power, in innumerable instances, indepen- 
dently of inheritance from any common parent form ; 
for instance, in tendril -bearers and leaf-climbers (i. e. 
pknts with their leaves, petioles and flower-peduncles, 
&c., modified for prehension) belonging to a large 
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number of the most widely distinct orders, — in the I 
leaves of the many plants which go to sleep at night,.] 
or move when shaken, — and in the irritable stamens 1 
and piatila of not a few species. We may therefore l 
infer that the power of movement can be by some 
means readily acquired. Such movements imply irri- 
tability or sensitiveness, but, as Cohn has remarked,* 
the tissues of the plants thus endowed do not diffw 
in any uniform manner from those of ordinary plants ; 
it is therefore probable that all leaves are to a slight 
degree irritable. Even if an insect alights on a leaf, 
a slight molecular change is probably transmitted 
to some distance across its tissue, with the eola ^ 
difference that no perceptible effect ia produced. We i 
have some evidence in favour of this belief, for 1 
know that a single touch on the glands of Drosera does | 
not excite inflection ; yet it must produce some effect, 1 
for if the glands have been immersed in a solution of i 
camphor, inflection follows within a shorter time than 
would have followed from the effects of camphor 
alone. So again with Diontea, the blades in their 
ordinary state may bo roughly touched without their 
closing; yet some effect n»ust be thus caused and 
transmitted across the whole laif, for if the glands haye 
recently absorbed animal matter, even a delicate touch 
causes them to close instantly. On the whole we may I 
conclude that the acquirement of a high degree of \ 
sensitiveness and of the power of movement by certain 
genera of the Droscrace£E presents no greater difficulty ' 
than that presented by tne similar but feebler powem ' 
of a multitude of other plants. 
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The specialised nature of tlie BenBitiveneSB possessed 
by Drosera and Dioniea, and by certain other plants, 
well deserves attention. A glund of Drosera may be 
forcibly hit once, twice, or even thrice, without any 
effect btiing produced, whilst the continued pressure 
of an extremely minute particle excites movement. 
On the other hand, a particle many times heavier 
may be gently laid on one of the filumeiite of 
Diontea with no eifeot; but if touched only once by 
the slow movement of a delicate hair, the lobes close ; 
and tliis difference in the nature of the sensitiveness of 
these two plants stands in manifest ailaptation to their 
manner of capturing insects. So does the fuct, that 
when the central glands of Drosera absorb nitro- 
genous matter, they transmit a motor intpulse to the 
exterior tentacles much more quickly than when they 
are mechanically irritated; whilst with Dion^a the 
absorption of nitrogeneous matter causes the lobes 
to press together with extreme slowness, whilst a 
touch excites rapid movement. Somewhat analogous 
cases may be observed, as I have shown in another 
work, with the tendrils of various plants ; some being 
most' excited by contact with fine fibres, others by 
contact with bristles, others with a flat or a creviced 
surface. The sensitive organs of Drosera and Dionna 
are also speciiJised, so iia not to be uselessly affected 
by the weight or impact of drops of rain, or by 
blasts of air. This may be accounted for by sup- 
posing that these plants and their pnigenitors have 
grown accustomed to the repeated action of rain and 
wind, so that no molecular change is thus induced ; 
whilst they have been rendered more sensitive by 
means of natural selection to the rarer im{)Bct or 
pressure of solid bodies. Although the absorption by 
the glands of Drosera of various Uuidu excites mavo< 
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ment, there is a great difference in the action oi 
allied fluids; for instance, between certain vegetable 
acids, and between citrate and phosphate of ammonia. 
The specialised nature and perfection of the seuaitiv&< . 
ness in these two plants is all the more astonishing j 
as no one supposes tliat they possess nerves ; and by J 
testing Drosera with several substances which act j 
powerfully on the nervous system of animals, it doea | 
not appear that they include any difl'used matter ' 
analogous to nerve-tissue. 

Although the cells of Drosera and Dion^a are quita J 
as sensitive to certain stimulants as are the tissu 
which surround the terminations of the nerves i 
the higher animals, yet these plants are inferior even J 
to animals low down in the scale, in not being affected 1 
except by stimulants in contact with their sensitive j 
parts. They would, however, probably be affected by ' 
radiant heat ; for warm water excites energetic mo 
ment. When a gland of Drosera, or one of the fila- 1 
ments of Diono^a, is excited, the motor impulse radiates 
in all directions, and is not, as in the case of animal^ J 
directed towards special points or organs. This holds j 
good even in the case of Drosera when some excitiuff j 
substance has been placed at two poiuts on the disc, I 
and when the tentacles all round are inflected with ] 
marvellous precision towards the two poiuts. The 1 
rate at which the motor impulse is transmitted, though ] 
rapid in Dion^a, is much slower than in most or all 
animals. This fiict, as well as that of the motor < 
impulse not being specially directed to certain points, 
are both no doubt due to the absence of nerves. Never- ] 
theless we ])erhap8 see the prefigurement of the fonti»f.i 
tion of nerves in animals in the transmission of the ] 
motor impulse being so much more rapid down the 1 
confined space within the tentacles of Drosera tl 
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elsQwhere, and somewliat more rapid in a longitudinal 
than in a transverse direction across the disc. These 
plants exhibit still more plainly their inferiority to 
animals in the absence of any reflex action, except in 
so far as the glands of Drosera, when excited from a. 
distance, send back some influence which causes the 
contents of the cells to become aggregated down to the 
bases of the tentacles. But the greatest inferiority of 
all is the absence of a central organ, able to receive 
impressions from all points, to transmit their effects 
in any definite direction, tc atoT-. tkem up and repi»- 
duce them. 
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CHAPTER XVL 

PlSGCIClLA. 

Pl»rtiil<iJa rulffnrii — StniPturo of leavM — Nmnlier of iose 
other objects caught — Movciaent of tko mnlgiliB of tbo li 
Vaas of this movemunt — Sooiettoa, dij^tion, nnd nbanrption 
Aolinn at the aeoretion on various animul and ve^<^tn1ilo substan 
— Tbe effects of BiibstiLticeB not ooutaminf; soluble nitrogenoiu i 
matter on tlie ghnilt^ PiagaieHJa grandifiora —Fingvioula hui- ' 
tinica, catches ioaucts— Klovenicnt of the leaves, sucretion ftnA 
dlgestioa. 

PiNOUictJLA VULGARIS. — This plant growa in moist | 
places, geuomlly on mnuntains. It bears on an average I 
eight, rather thick, oblong, light green leaves, having 
Bcarcely any footstalk. A full-sized leaf is about 1^ 
inch in length and ^ inch in breadth. The yoimg 
central leaves are deeply concave, and project upwai-da ; 
the older onea towards the outside are flat or convex, 
and lie close ty the ground, I'onuing a rosette 
from 3 to 4 inches in diameter. The margins of the I 
leaves are incurved, Tlieir upper surfaces are thickly f 
covered with two sets of glandular hairs, differing in i 
the size of the glands and in the length of their 
pedicels. The larger glands have a circular outline as 
seen from above, and are of moderate thickness ; they 
are divided by radiating partitions into sixteen cells, i 
containing light-green, homogeneous fluid. They are i 
supported on elongated, uniceUular pedicels (contain- 
ing a nucleus with a nucleolus) which rest on slight \ 
prominences. The small glands differ only in being I 
formed of about half the number of cells, containing' J 
much paler fluid, and supported on much shorter pedi* 
eels. Near the midrib, towards the base of the leai^ tha ] 
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pedicels are multicoUular, are longer than elsewLere, 
and bear smaller glands. All the glands secrete a 
colourless fluid, which is so viscid ttat I have seen a 
fine thread drawn out to a lengtli of 18 inches; but 
the fluid in this case was secreted by a gland whicli 
had been excited. The edge of the leaf is translucent, 
and dues nut bear any glands; and here the spiral 
veaaela, proceeding from the midrib, terminate in Cf.-lla 
marked by a spiral line, somewhat like those within 
the glands of Drosera. 

The roots are short. Three plants were dug up in 
North Wales on June 20, and carefully washed ; 
each bore five or six uubranched roots, the longest of 
which was only 1"2 of an inch. Two rather young 
plants were examined on September 28 ; these had a 
greater number of roots, namely eight and eighteen, 
all under 1 inch in length, and very little branched. 

I was led to investigate the habits of this plant by 
being told by Mr, W. Marshall that on the mountains 
of Cumberland many insects adhere to the leaves. 



A friend Bont me on June 23 tliirty-nine leavL's from North 
Wales, which were selected owing to ohjects of Borae kind ad- 
hering to them. Of these leaves, thirty-two had caught 142 
insects, or on an average 4'4 per leaf, minute frngmentB of 
insects not being inplnded. Besides the insecte, smnll leaves 
btjlonging to four different kindsof plaula, Ihose of k'tu-a tfimlix 
Kiing much the commoDest, and three minute seedling plants, 
blown by the wind, adhered to nineteen of the leaves. One bad 
cnught as many as ten leaves of the Erica. Steds or fruits, 
I'ljininonly of Carex and one of Juncns, besides bits of niof^s 
and other rubbish, likewise adhered to six of the Ihirty-nine 
leaves. The same friend, on June 27, collected nine plunts 
iHMiring seventy-four leaves, and all of thesu. witii the exupplion 
of three young Icavea, had caught iusoetfl; thirty insects acre 
counted on one leaf, eiphtet'D on a Meond.and mteeuon a third. 
Another friend exoinined on August 2^ some plants in Donegal, 
Irsland, and foimd insects on TO out of 157 leaves; fifteen of 
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these leaves were Bent me, each having caught on an average 2-4 
inBecte. To nine of them, ieavos (toohUj of /oW™ letralix) ad- 
hered ; but they liitd been specially selected on this latter account. 
I may add that early in August my son Touud Ictivea of this Bonie 
EricA and the fruits of a Carox on the leaves of a Pinguionla m 
in Switzerland, probably Pijiyuiciiia iJ^ina ; Bome insects, but no I 
great number, also adhered to tlie leavea of thin plant, whicli J 
had much better developed mots than those of finjuii-ula viU T 
ff-iriJ. In Cumberland, Mr. Marshall, on September 3, carefully 1 
eznmined for mo ten plants bearing eighty leaves ; and on eixtf- I 
three of these (i.e. on Ti per cenl.) he found insects, 143 in 1 
number; bo that each leaf had on an average 227 inseota. 
few days later he sent me some plunts with sixteen seeds 
fruits adhering lo fourteen leavea. There was a seed on three I 
leaves on the some plant. The sixteen seeds belonged to nina 
different kinds, which could not be recognia^d, excepting one 
of RannnculuB, and several belonging to three or four distisct 
species of Carex. It appoare that fewer inRectx are caught lata 
in the year than earlier ; thus in Cuttiberland from twenty to 
twenty-four insects were observed in the middle of July c 
Beverat leaves, whereas in the 1>eginniiig of September thfr I 
average number was only 2'27. MuKt of the insects, in all the C 
foregoing cases, were Diptera, hut with mnnv minuhi Hymo*! 
nnptera, including some auts, a few small Coleoptora, larr^ J 
spiders, and even Email moths. 

We thus see that numerous insf cts and other objects I 
are caught by the viBuiii leaves ; but we have no right ,1 
to infer from tliis fact that the habit is beneficial toJ 
the plant, any mors than in the before given c-ase af4 
the Mirabilis, or of the horse-chestnut, Kut it will pr©-¥ 
sently be seen that dead insects aud other nitrogenous J 
bodies excite the glands to increase"! secretion ; ancl J 
that the Bocretion then becomes acid and has thol 
power of digesting animal substjinces, such as albumen, J 
fibrin, &c. Moreover, the dissolved nitrogenous mattein 
is absorbed by the glands, as shown by their limpid 
contents being aggregated into slowly moving gra- 
nular masses of prutoplasni. The same results follow 
when insects are naturally captured, and as the plaat.1 
lives in poor soil and has smalt roots, there can be n 
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doubt that it profits by ita power of digesting and 
iibaorliing matter from the prey which it liiibitimlly enp- 
tures in such large numbers. It will, however, be con- 
veuiijut first to deaeribe the movements of the leiivcs. 

Movements oftheLeaveg.—1'ha,t such thick, large leaves 
as those of Piiifftitcula vulgarie should have the power 
of curving inwards when excited has never even been 
suspected. It is necessary to select for experiment 
leaves with thi-ir ghiuds secreting freely, and which 
have been prevented from cupturing many insects ; as 
old leaves, at least those growing in a state i)f nature, 
have theii' margins already curled so much inwards 
that they cxliibit little power of movement, or movo 
very slowly. 1 will first give in detail the more 
important experiments which were tried, and then 
make some concluding remarks. 

Eiprnmrnt 1. — Ayoiingand almost iipriglit Itiif wns seli'etnl, 
with its two lateral edges equally and tltj sligbtly 
A row of pmall flins was pltited aluug onu 
mai^. When looked nt noit liny, aflir 
15 bra., this margin, but not tlic other, was 
found folded inwards, like the helix of the 
human ear, to the hreadlh of -^ of au 
inch, 6o as io lie partly over tlio row of 
flies (fig. 15). The glands on whith the 
flies rested, ns well as thoee on the orer- 
lapping margin which had been brought 
into contjict with the flics, were all secreting 
copiouBly. 

Eiytriment 2. — A row of flies was placed 
oa one margin of a rather old leaf, which 
lay flat on the ground; and in this taec 
tlie margin, after the sBniu interval as bo- 
fore, tunicly 15 hrs., had only just begun 
to onrl inwards ; Init so much setiretion 
had been poured forth that the spoon- iruii'g'n"'Tincrt! 
shaped tip of the lenf was filled with it. row-.nnwniii. 

Expcnmei.t 3. — Frsgmeals of a large fly were placed 
the apes of a v^orous leaf, as well as along half 
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After 4 lire. 20 m, there was dwidfd incwrtation, which 
ci'eased & littla during the aftornooD, but wh« in the eame 
on the following morning. Ncnr Ihe apex both margins 
inwardl; curved. I have nevnr Bcca a case of the apox : 
being in the least curved towards the base of the leaf. After 
m hrs. (alwaye reckoning fivm the time when the flies were 
placed on the leaf) the margin had everywhere begun to nnfold. 

/L.r,j.tyiiii-nf 4. — A large fragment of a fly was placed on a lixt, 
in a medial line, a little beutatb the apes. Both lateral ]na^- 
gins wore perceptibly incurved in 3 hrs., and after 4 hrs. 30 m. 
to such a degree that the fragment was clasped by both morgjna, 
AfttT 24 hrs. the two infolded edges near the apoi (for the lower 
(lart of the leaf wad not at all affected) were measured and 
found to be "ll of an inch (2795 niiu.) ajiart. The fly wae 
removed, and a sfream of water giourod over the leaf eo as to 
wash the surface ; aitd after 24 hrs. the margins were '25 of 
inch (6'349 mm.) apart, bo that they were largely unfolded. After 
au additional 21 hrs. they were completely unfolded. Another 
fly was now put on the same spot to see whether this leaf, 
which the fin<t fly had been left 21 hro., would move ag& 
after 10 hrs. there was a trace of incui'vntion, but this did B04. 
increase during the next 24 hrs. A bit of meat 
on the margin of a leaf, which four days previously had beoome 
strongly incurved over a fragment of a fly and had afterwardi 
re-expanded ; but the meat did not cause even a trace of inCU* 
vatioD. On the contrary, the margin liecainc surneivhat reflexedt. 
as if injured, and so remained for the thrt* following days, 
long as it was observed. 

/■.ipnimrni 5.— A large fragment of a fly wiis placed holfv^' 
between the apex and base of a leaf and halfway lietween twi 
midrib and one margin. A short space of this margin, oppoeite' 
the fly, showed a trace of incurvation after 3 hi*., and yijs 
became Btrongly pronounced in 7 hrs. After 24 hrs. the infolded 
edge was only -16 of an inch (-lO&l mm.) from the midrib. 
The margin now began to unfold, though the fly was left fm the 
leaf; so that by the next morning (i.e. 48 hr» from tlie timo 
when tlie fly was first put oa) the infolded edge had 
completely recovered its original portion, lieing now '3 of an 
inch (7'02 mm.), instead of IG of an inch, from Ihe midribs 
A trace of flexure wae, however, still visililo. 

i,'i/"i-("7n<-n( g.— A youngond concave leaf was selected with 
iis mai^n? slightly and naturally inrurved. Two rather larger 
obloiiK, rectangular pieces of riM---t meat were jiUced with " 
ends touching the infoldeil bI^c ' ' ' - 
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ft|jiirt from 0110 fumther. After 24 hrs. tlie inargici ivhb grpntly 
ittiil eqiiiilly iiiearrcd (see 6g. 16) tbrmif^hoiit tliia npace, nntj for 
a Ifupth of -12 or -13 of an inch {:t018 or 8-3(^)3 mm.) nbove iind 
below eocli bit; so that thu miirfnii had been afiectCHJ ovxr » 
gnattT \cngtb between tlin two bits, owing to their conjoint 
iicliun, than hajoad them. Tliu hitt! of meat were too liir^ (ii 
h(icliiB])fd bythnniargia. hut Uiey Were tilttd up, one of thorn bd 
BH to Bland almost lerticailj. After 48 hre. 
the mnrgin wuh nlmoitt unfoldixl, and the 
hits hfid Bnnl( down. When again exa- 
mined after two ilnys, the margin was quite 
unfolded, with the exception of the natu- 
rally iuflcctti'l edge; and one of the bits 
of meat, the end of which had at IJrst 
touched the eilge, was now ■067 of an inch 
(1-70 mm.) distant frum it; so that this 
bit had been pushed thus far across the 
blade of the leaf, 

Ejjieriiiirtil 7. — A hit of meat was placed 
close to the incurred edge of a rather young 
leaf, and after it had re-expaodcd, the bit 
was left lying -11 of an inch (2795 mm.) 
from the edge, T!io distance from ttje edge cq ,g 

to the midrib of the fully ciiundtd leaf {i^nguiruia tvigarUJ 
was -35 of an inch (8-89 mm.) ; m that the ootiint ni i«r. wiih 
bit had been pushed inwards and across ^.^^"tT^i^^'wti' 
nearly one-third of its semi-diameter. at meu. 

Exjieriment 8.— Cubes of sponge, soaked in a eti-ong infobion 
of raw meat, ware placed in clone contact with ttic incurved 
edges of two leaves,— an oldtr and yoimger one. The distance 
from the edges to the midribs was carefully measured. After 

1 hr, 17 m. there appeared to bo a trace of incniratjon. After 

2 hrs. 17 m. tuth leaves were plainly inflected ; the distance 
between the edges and midrila being now only half what it was 
at first. The incurvation increased slightly dnring the next 
41 hrs., but remained nearly the same for the next 17 hrs. SJO m 
In 35 Itrs. from the time when the sponges were placed on tlio 
leaves, the margins Tcre a little unfolded— to a greater degree 
in the younger than in the older leaf. The latter was nol quitt 
unfolded unlit the third day, and now both hits of sponge were 
left at the distance of -i of an inch (2-54 mm.) from the e'lne«; 
or about a quarter of tiie distance It'tween the edge and midrib, 
A third liit of sponge adhered to the edge, and, as the mnrgiu 
ODfoldcd, was dragg^-d backwardt, into its original position. 
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Experim'-nt 9. — A cbain of fibres of roast meat, as thin 
liristles and moiatened with Balivn, were placed down oni 
side, close to the narrow, naturally inourved edge of 
Jn 3 hra. this side was greatly incurved along its whole 
nud after 8 hrs. formed a cjliudcr, a!>out ^ of on inch (I '27' 
lum.) in diameter, quite cooceniing the meat This cylinder 
rotiiained closed for 32 hrs., but after 4tt hrs. was half unfolded, 
aud in 72 hrs. wae as open aa the oppoEito morgia where 
mcAt had been placed. As the tliin fibres of meat wore oom-- 
]jletel<r overlapped by the mai^in, they were not pushed at 
inwards, across the blade. 

KryierimeiU 10. — Six cabbage seeds, Eoakeii for a night 
water, were placed in a row close to the narrow incurved tdge of 
a leaf. We shall hereafter see that these seeds yield Eolubl« 
matter to the glands. In 2 hrx. S-i in. the margin was decidnllf 
inflected; in 4 hrs. it extended over the seeds for about hiilf 
their breadth, and in 7 hrs. over three- fourths of their breadth, 
forming a cylinder not quite oloaei along the inner side, and 
about -7 of an inch (1'778 mm.) in diameter. After 2i hrs. 
the inflection hod not increased, perhaps hnd di-creased. Tha 
glands which had lieen brought into contact with ^e iipptc 
surfaces of the seeds wece now secreting freely. In 86 * 
from the lime when the seeds went pnt ou the Wf the 
liod greatly, and after 48 hrs. had complelety, re-ci] 
As the seeds were no lou{;er held by the iuliecte'l morgitli 
as the secretion was beginning to fail, they rolled some 
down the marginal channel. 

E-'perioient 11. — Fragments of glass were placed on 
margins of two tine young leaves. After 2 hrs. 30 m. 
margin of one certainly became slightly incurved; but 
inflection never increased, and disappeared in 16 hrs. 30 
from the time when the fragments were first applied. With 
second leaf there was a trace of incvirvation in 2 his. 10 
which became decided in 4 hrs. 30 in,, and still more bItoiil 
pronounced in 7 bra., but afttr 19 hra, SO m, had plaitil 
decreased. The fragments escited at moRt a slight and donbt' 
increase of the secretion; and in two other trials, no inci 
could be perceived. Bits of coal-cinders, placed on a leaf, pi 
duced no oETect, either owing to their lightness or to the 1i 
being torpid. 

/■.iperimeni 12. — We will now turn to fliiirK A row of driips 
of a strong infusion of raw meat were pini.'ei) itlnug the mar^dna 
of two leaves; squares of sponge Roakid in llie ^ame iDfusion 
being placed on the opposite margins. My objt.<ct v 
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tain whether a fluid would set ss ener^'tjcal],v as a Eulwtaiic« 
yielding tlie Eanio sohihlo mattt-r to the glnnd!!. No distinct 
diSureniM! vae perceptible; cei-tajnl; noae in the degree of in- 
curvation 1 but the inctirvatioD round the bilx of epungo lasted 
rather longer, as might perhiL[iH ha*o btt^n expected from thn 
Eponge Tcmaiiuing damp and supplying nitrogejiouii matter fur a 
lunger time. The margina, with the dropn, became plainly 
incurved in Shrg. 17 m. The incurvation EUlaequontly incrcosid 
■omewhat, but after 24: hrs. bod grvatiy dccrensed. 

Kxjitrimeat 13.— Drops of the mme Btroug infasion uf TKt 
moat were placed along the midrib of A young uid rathor deeply 
concave leaf. The distance across the broadefit pott of the leaf, 
between the natnrally incurved edges, was -55 of an inch (13'97 
mm.). In 3 hrs. 27 m. this distance was a trace less ; in G hra. 
27 m. it was exactly -A^i of an Inoh <ll-43 mm.), and had therefore 
decreased by "l of an inch (2'54 mm.), After only 10 hrs. 37 m. 
tbe margin liegan to re-expand, for the distance froni edge to 
edge was now a trace wider, and after 24 hrs. 20 m. was as 
grent, within a hair's breadth, as when the drope were first 
placed on tbe leaf. From tliis experiment wo learn that the 
motor impulse can be transmitted to a distance of '22 of an 
inch (5'590mm.) in a transverse direction from the midrib to 
both margins; but it would be safer to say ■^ of an inch 
(508 mm.), as the drops spread a little beyond the niidriU 
Tbe incurvation thus caused lasted for an unuKunlly short time. 
Jixpr.rimtnt li,— Three drops of a solution of one part of 
carbonate of ammonia to '218 of water (2 grs. to 1 oz.) were 
placed on the margin of a Icnf. These excited so much secretion 
that in I h. 22 m. all tbtee drops ran together ; but although the 
leaf was observed for 24 hrs., tliere was no trace of infection. 
We know that a rather strong BoluUon of this salt, though it 
does not injure the leaves of Drosera, paralyses their power of 
movement, and I have no doubt, from tbe following case, that 
tbis holds good with Pinguiculo. 

Enptriment 15. — A row of drops of a solution of one part ol 
carbonate of ammonia to 875 of water (1 gr. to 2 oz.) was placed 
on tlie margin of a leaf. In 1 lir. there was iipparejitly some 
^_ slight incurvaiion, and this was well marked in 8 hrs. 30 m. 
^L After 24 brs. the margin was almost completely re-expttndeiL 
^^B lixji«rin4ent 16.~A row of large drops of a solution of one 

^^1 part of phoaphaie of ammonia to 4S7ii of water (1 gr. to 10 
^^V was placed along the margin of a leaf. No i^ffect was produced 
^H and after 8 liis. fresh di'opa were added along the same margin 
^H without the least eS'ei:t. We know that a solution 
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slrenRtli nets pcwerfiilly on DrijHom, and it is just |)ossJble tbftfefl 
th" Ri>liition waB too sttoug. I regret I.lmt I did not try & we 
Baliition. 

li'i/n-i.iuvt 17.— As the presmire from Hte of glosn on 
inoiii-ralion, 1 scratched the murgins ot two loaves for t 
tnitiutes with a bluut needle, but no effect was produced. 
siirfaee of a. ieaf beneath ft drop of ft strong infnsioii of r 
neat wbs also rublwl for 10. m. with the end of 8 ' 
sa IL3 to imitide tl\e Ktruggles of a cnptuied insect ; but t 
purl o( the jnnrgin did not bend sooner tlian the other [ 
with undisturbed drops of the infusion. 



We leam &om the forefroing experiments that tbaij 
margins of the leaves curl inwards wlien ex(^ited by J 
the oiere pressure of objects not yielding any sotubls'] 
matter, by objects yielding such matter, and by somal 
fluids — namely an infusion of raw umat and a wealcl 
solution of carbonate of ammonia, A stronger i 
tion of two grains of this salt to an ounce of wat« 
though exciting copious secretion, paralyses the lee 
Drops of water and of a solution of sugar or gum didn 
cause any movement. Scratching the surface of ( 
leaf for some minutes produced no effect. Therefore 
as far as we at present know, only two causes — namelj 
slight continued pressure and the absorption of nitro-| 
genous matter — excite movement. It is only I 
margins of the leaf which bend, for the apex nevf 
curves towards the base. The pedicels of the gl&n*'] 
duliu haii-s have no power of movement. I obaerve<tl 
on several occasions that the surface of the leaf b»*| 
came slightly concave where bits of meat or laxgi 
flies had long lain, but this may have been due 1 
injury from over-stimulation. 

The shortest time in which plainly marked i 
ment was observed was 2 hrs. 17 m., and this occun 
when either nitrogenous substances or fluids ' 
placed on the Ifiwca; but I believe that in some c 
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there was a trace of movement in 1 hr. or I br. 30 m. 
The pressure from fragments of glass excites move- 
ment almost as quickly as the absorption of nitro- 
gt-nous matter, but the (lt;gree of incurvation tlius 
caused is much leas. After a leaf has become well 
incurved and has again eximnded, it will not soon 
answer to a fresh stimulus. The margin wtis aifected 
longitudinally) upwards or downwards, for a distance of 
'13 of an inch (3'302 mm.) from an excited point, bnt 
for a dishmce of "46 of an inch between two excited 
puiuts, and transversely for a distance of '2 of an 
inch (5-08 mm,). The motor impulse is not accom- 
pinied, as in the case of Drosera, by any influence 
causing increased secretion ; for when a single gland 
was strougly stimulated and secreted copiously, the 
surrounding glands were not in the least affected. 
The incurvation of the margin is independent of in- 
creased secretion, for fragments of glass cause little 
or no secretion, and yet excite movement; whereas 
a strong solution of carbonate of ammonia quickly 
excites copious secretion, but no movement. 

One of the most curious facts with respect to the 
movement of the leaves is the short time during which 
they remain incurved, although the exciting object is 
left on them. In the majority of cases there was well- 
marked re-expansiun within 24 hra. from the time 
when even large pieces of meat, &ii., were placed on 
the leaves, and in all cases within 48 hrs. In one 
instance the margin of a leaf remained for 32 hrs. 
closely inflected round thin fibres of meat ; in another 
^K instance, when a bit of sponge, soaked in a strong in- 
^B fusion of raw meat, ha<l been applied to a leaf, the 
^H margin began to unfold in 35 hrs. Fmgments of glass 
^H Veep the margin incurved for a shorter time than 
^1 nitrogenous bodies ; for in the former case there 
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complete re-expansion in 16 hra. 30 m. Nitrogenoui 
fluids act for a sliorter time than nitnigenona sub- 
tUtis, when dropa oi' an inl'usioD uf raw met 
were placed on the midrib of a leaf, the incurved 
margins began to unfold in only 10 hrs. 37 m,, and 
thia was the quickest act of re-expansion observed by 
mi; ; but it may have been partly due to the distance J 
of the margins from the midrib where the drops lay. 

We are naturally led to inquire what is the use < 
this movement which lasts for so short a time ? 
very small objects, such as fibres of meat, or moderately 1 
small objects, such as little flies or cabbage-seeds, are ^ 
placed close to the margin, they are either completely 
or partially embraced by it. The glands of the over- 
lapping margin are thus brought into contact with 
snch objects and pour forth their secretion, afterwards iJ| 
absorbing the digested matter. But as the incurvation| 
lasts for so short a time, any suc-h benefit can be ( 
only slight importance, yet perhaps greater than i 
first appears. The plant lives in humid districts, and! 
the insects which adhere to all parts of the leaf arefl 
washed by every heavy shower of rain into the narrowi 
channel formed by the naturally incurved edges. Fm 
instance, my friend in North Wales placed severs 
insects on some leaves, and two days afterwards (there 
Laving been heavy rain in the interval) found some < 
them quite washed away, and many others safely 
tucked under the now closely iiifleotcd margins, 
glands of which all round the insects were no duubl 
secreting. We can thus, also, understand how it i 
that so many insects, and fragments of insects, c 
generally found lying wiihin the incurved margi 
of the leaves. 

The incurvation of the margin, due to the presenM 
of an '?xciting object, must bt- scrvicL'able in anuthei 
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and probably more important way. We have seen 
that when huge bits of meat, or of sponge soaked 
in the juice of meat, were placed on a leaf, the margin 
was not able to embrace them, but, as it becamf 
incurved, pushed them very slowly towards the middlt 
of the leaf, to a distance from the outside of fullj 
•1 of im inch (2'54 mm.), that is, across between 
one-third and one-fourth of the apace between the 
edge and midrib. Any object, such as a moderately 
sized iasect, would thus be brought slowly into contact 
with a far larger number of glands, inducing much 
more secretion and absorption, than would otherwise 
have been the ease. That this would be highly ser- 
viceable to the plant, we may infer from the fact that 
Drosem has acquired highly developed powers of move- 
ment, merely for the sake of bringing all its glands 
into contact with captured insects. So again, afti-r 
a leaf of Bioniea has caught an insect, the slow 
pressing together of the two lobes serves merely to 
bring the glands on both aides into contact with it. 
causing also the secretion charged with animal matu-r 
to spread by capillary attraction over the whole sur- 
face. In the case of Pinguicula, as soon as an insect 
has been pushed for some little distance towards the 
midrib, immediate re-expansion would be beneficinl, as 
the margins could not cupture fresh prey mitil they 
were unfolded. The service rendered by this pushing 
action, as well as that from the marginal glantls being 
brought into contact for a short time with the upj>er 
surfaces of minute captured insects, may perhajis 
account for the peculiar movements of the leaves ; 
otherwise, we must look at these movements as a 
remnant of a more highly developed power formerly 
potisessed by the progcnitoi-a of the genus. 

In the four British species, ami, as I hear from 
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Prof. Dyer, in most or all the species of the genii^fl 
the eUgea of the leiivcs are in some degree naturaHj^I 
and permanently incurved. This iueiirvation servers 
&B ali-eady shown, to prevent inseeta from being; 
washed away by the rain ; but it likewise serves tori 
another eml. When a unmber of glands have beoti.l 
[loMerfully excited by bits of meut, insect*, or any other I 
stimulus, the secretion often trickles down the leaf,! 
and is cauglit by the incurved edges, instead of rolling I 
off and being lost. As it runs down the channel, fresbl 
glands are able to absorb the animal matter held in J 
solution. Jloreovcr, the secretion ofton collects 
littlo pools within the channel, or in the spoon-lilca>a 
tips of the leaves ; and I ascertained that bits of albu- r 
men, fibrin, and gluten, are here dissolved moi^^ 
quickly and completely than on the surliice of th^ 
leaf, where the secretion cannot accumulate ; and i 
it would he with naturally caught insects. The sacral 
tion was repeatedly seen thus to collect on the Icaves'l 
of plants protected from the rain ; and with esposedl 
plants there would be still greater need of some pro! 
vision to prevent, as far as possible, the secretion, withi 
its dissolved animal matter, being wholly lost. 

It has already been remarked that plants growinj^ 
in a state of nature have the margins of their Icaveel 
much more strongly incurved than those grown inl 
pots and prevented from catching many insects. Wa| 
have seen that insects washed down by the rain from 
ail parts of the leaf often lodge within the margiaSil 
which are thus excited to curl farther inwards; ancla 
we may suspect that this action, many times repeated^ 
during the life of the plant, leads to their permancntT 
and well-marked incurvation. I regret that this vieif 
did not occur to me in time to test, its truth. 

It may here be added, though not immediatcl]^ 1 
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bearing on our subject, that when a plant is pulled 
up, the leaves immediately ciirl downwards so aa 
almost to conceal the roots, — a fact which has been 
noticed by many persons. I suppose that this ie due 
to the sanie tendency which causes the outer and older 
leaves to lie flat on the ground. It I'nrthcr appeai-s 
that the flower-stalks are to a certain extent irritable, 
for Ur. Johnson states that they " bend backwards if 
rudely handled." * 

Secretion, Absorption, and Du/astion.^\ will first give 
my observations and experiments, and then a suninmry 
of the results. 



ne Eff(Kt» o/ Objels 



itii/ So'iible Ml 



a Miiller. 



(1) Flirt were placed on mgny leaves, and exciled the glands 
lo«efrete copioosly; the secretion nlwajs becoming acid, though 
nut 60 before. After a time these iii^e<^U were rendered ea 
tender that their limbs and bodies cuuld Imi separated \iy a 
mere touch, owing no doubt b) tbe digestion and diEintegiation 
of tlieir muscles. The glands in contact with a small II; coii- 
llnucd to secrete for four dayH, and then became almost dry. 
A narrow strip of this leaf was cut off. and the glands of the 
longer and shorter hain, which hail loin in contact for the 
four days with tho fly, and thowi which had not touched it, 
were compared under the microscope and presented a won- 
derful contrast Thoeo which had Iwoii in contact were tilled 
with brownish granulnr matter, the othera with homogeneous 
fluid. There could therefore bo no doubt that the former had 
alBiorbed mutter from the fiy. 

(3) Small bits of rifi'l meat, placed on a leaf, always cansod 
nmch acid secretion in the course of a few hours — in one labC 
within 40 ra. When thin fibres of meat were laid along the 
margin of a leaf which stood almost upright, the secretion ran 
down to the ground. Angular bite of meat, placed in little 
pools of the ficcnition near the margin, wi.tb in the court* oi 
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two or three days much reduced in size, rounded, rendered 
more or lesR colourless ani trampareiit, and so much 8on«iibd 
tliat they fell to pieces on the alightoBt touch. In only oiwi 
iuHtonce was a ver; minnte particle completelj diseokcd, onit 
this occurred within 48 hrs. Wben only a smaU anioimt (jI 
eeoretjon was excited, this was gcuurally absorlied iu from 21 hm. 
to 48 lirx. ; the glands lieing left dry. But when the supply ol 
secretion was copious, round either a single rather large bit of 
meat, or [ouud seyeral smnll hits, the glands did not become 
dry until si:i or seven dnys had einpsei. Tlie most rapid case 
□f abanrpliou observed by me vss when a email drop of nn 
infusion of raw meat wss placed on a tesf, for the glands here 
became almost dry in 3 hrs. W m. Glands ejicilcd by small 
parlJcles of meat, and which have quickly absorbed their owu 
secretion, begin to secrete again in the course of seven 01 eight 
days from the time when the meat was given them. 

(3) Three minute cubes of tough airlilwje from the leg-bone 
of a sheep were laid on a leaf. After 10 hrs. 30 m. some acid 
secretion wss excited, but the cartilage appeared little or not &t 
all affected. After 21 hrs. the cubes were rounded and miich 
reduced in size; alter 32 hts. they were softened to the centre, 
and one was qnjte liquelied; after 35 hrs. mere traces of solid 
cartilage were left ; and after 48 hrs. a trace could still lie seen 
through a lens in only one of the three. After ifl hrs. not 
only were all three cuhea completely liquefied, but all the score- 
tion watt alKorbcd and the glandu left dry. 

(4) Small cubes of alhtim-n were placed on a leaf; in 8 bra. 
feebly oi'.id secretion extended to a distance of nearly ^ of on 
inch round them, and the angles of one cube were rounded. 
After 24 hrs. the angles of all the entwB were rounded, and 
they were rendered throughout very tender ; after 30 hrs, the 
eccretinu began to decrease, and after 48 hrs. the glands were 
left dry ; but very minute hits of albnmen were still left 
uudiasolTod. 

(5) Smaller cubes of albaineii (alwut A o"" E^ of an inch, 
■508 or '423 mm.) were placed on four glands ; aft*'r 18 lirs. one 
cu1)e was completely dissolved, the others being much reduced 
in size, softened, and transparent. After 24 hrs, two of thr 
cubes were completely dieaolved, and already the secivtion oa 
thc«e glands was almost wholly absorbed. After 42 bra. l}ie 
two otiier cubes were completely dissolved. These four glanda 
began to secrete again after eight or nine days. 

(6) Two large cubes ol-.M"",rn (fully Jfl of nn inch, 1-27 mm.) 
were placed, one near the midrib and tbe otlar near the margin 
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of ft leftf; in 6 lin. there was mucli secretion, which after 48 hra. 
•cciunulaied in a little pcwl round the cube Dear the margin. 
Tiling cube woe maoh more diRsolTed thaTi thnt od tliu blade of 
tlio leuf ; so tlitil after three days it was greatly reduct-d in atr.e, 
with all the angles rounded, hut it waa too large to 1« wholly 
di.sEolved. The sei^retiuii wiui jMrtiiklly alxiurhed ufler fmir duj'K. 
The cube on the blaiie «as u.uch Iobe reduiiod, and Iho glauds 
oil whtuli it rested began tu dry after only two duyn. 

(7j /■''brill excites lees WHirelion thou ducK uieat or albumen. 
Ruvcnil trials were made, bat I will give only three of theni. 
Two niimite shreds were pliiced on Bome glands, and in 3 brs. 
4ij lu. their secretion was plainly increased. The smaller sbreil 
iif the two iiras completely liqiie^cd in 6 hrs. 15 m., and the other 
ill 24 hrs. ; but even after 4b hrs. a few granules of Kbrin could 
slill bu sven through a lens floating in both drops of secretion. 
Afrer 56 hrs. 80 m. these granules were completely dissolved. 
A tliini shred was placed in a little pool of secrelion, within 
the margin of a leaf where a seed hod been lying, and tliia 
was cuuiplutt^lf dissolved in the course of 15 hrs. 30 m. 

itj) Five very small bits of yluUii were placed on a leaf, and 
they exi-iti'd so much secretion that one of the bits glided 
down into tho marginal furrow. After a day all five bits seemed 
much reduced in siite, but none were wholly dissolved. On Iha 
third day I pushed two of them, which hod liegnn to dry. on 
tu fresh glands. On the fourth day undiHsolvcd traces of Ihr^ 
out of the live bits could still be detected, tho othiT two having 
quite disappeared; but I am dimbtful whether they Lad really 
lieeu completely dismlved Two fresh bits were now placed, 
one near the middle and the other near the margin of another 
leaf; both excited an extraordinary amount of suctetion; that 
near tho margin had a little pool formed round it, and was 
much more reduced in size than tliat on the tilade, but after 
four days was not completely disxolTed. Gluten, tliereforc^ 
excjttis the glands greatly, but is dissolved with much difhcully, 
exacUy as in the case of Drosora. I regret that 1 did noi iry 
this substance after having been immersed in weak hydrochloric 
acid, as it would then probably have been quickly dissolved. 

(9) A small square thin piec« of pure nelutinr, moistened 
with WBicr, was jilaced on a leaf, and excited very little secre- 
tiun in 5 hrs. 30 m , but later in the day a greater amount. 
After 24 hrs, the whole square was completely liquefied; and 
this would not have occurred had it been left in water. The 
Uquid wa.*) acid. 

^IQ; Small particles of chemically prepared fnein excited 
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'e not quite dissolved after tno days; a 
gon to dry. Nor could their complete t! 
1 expected from what we have seou * 



acid secretion, Aut v 
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(11) Minute drops of skJmraed'mVA were placed on a leaf, sndl 
these caused the glands to secrete Freely. After 3 lire, tbe milk I 
was found cnrdlud, and after 2S bra. the curds were dissolved. 'I 
On placing the now cluiir dnipe under the microscope, nothing 1 
Toidd ha detected except Home oil-glubules. The eecretioii,. I 
Iherffore, dissolves ft-esh casein. 

(12) two titigmeDte of a leaf vero immersed for 17 hr&, 1 
eiwih in a drachm of a solution of C'lrbunate ./ unimotiia, of two ] 
strengths, namely of one part to 487 and 216 of water. Tba I 
glands of the longer and shorter hairs were then examined, fuid | 
tlieir contents found aggregated into granular matter of s .3 
brownish-green colour. These granular masses were seen hy 1 
my sou slowly to change their forms, and no douht (Consisted of V 
pt'oto{)lasm. The aggregation was more strongly pronounced, f 
and the movements of the protoplasm more rapid, within tbe 
glands subjected to the stronger solution than in the others. 
The experiment was repeated with the same result ; and no 
this occasion I observed that the protoplasm had shrunk a little 
from the walls of the single elongated cells forming the pedicela. 
In order to observe the process of aggregation, a narrow strip 
of leaf was laid edgeways under the microscope, and the glands 
were seen to be quite transparent ; a little of the stronger eoln- 
tion (viz. one part to 218 of water] was now added under tbe 
covering glass ; after an hour or two the glands coulainod very 
tine granular matter, which slowly became coarsely granQlMp. I 
and slightly opaqne; but even after 5 hrs. not as yet of »J 
brownish tint. By this time a few rather large, transparent. 1 
globular moGseK ap]»n.rod within the upper ends of the pedicel^.a 
and the protoplasm lining their walls had shrunk a little. Ifc'J 
is thus evidcut that the glands of Finguicnin absorb carbonalB'J 
of nmmonia; hut they do not absorb it, or are not acted on Vi^X 
it, nearly t^o ijuickly as those of Uroecra. I 

(13) Little masses of tlie omnge- coloured ffJIc of th^l 
common pea, placed on soreml leaves, exi-ited the glands lA.fl 
secrete freely. Even a very few grains which occidentallj' ft "' 
on a single gland caused the drop surrounding it to increasu • 
much in size, in '23 hrs., as le be manifestly larger than t' 
drops on the ntljoining glands, (irains subjected h 
for 48 hrs. did not omit their lulies; Ihoy were quite c 
ooliHircl. and seemed to I'unliun less mailer tlmu before; UikI 1 
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whif^h wait left being of a dirty colour, including globules of oil. 
They thus differed in appeaninco tram other grains kept in 
water for the same length of linje. The glonda in contact with 
tlio pollen-graina hail eviUt'ntlj (il>sorli€Hi iiiatttr from them ; for 
tliey bad loet their natorol pnlo-gi'i-on tint, and contained aggr«- 
gatt'd globular massos of in'otoplnsm. 

(14) «^imre liitfl of the lcuvi« of spinach, cabbage, and n 
saxifrage, and the entire R'avya of A'r ren trtinJix, all exl^itGd tlie 
glands to increftEed secrotion. The »))inach <ras the moet iffi<c- 
tive, for it cjiused the secretion evidently to incrent;e in 1 h». 
40 m , and ultimately to mn some way down the leaf; but thu 
glands Boon began to dry, Yiz, after 3S hrs. The leavi« of A'-'/eu 
Utralix began to act in 7 Ill's. SO in., but never caused much 
BCcretiou; nor did the bits of leaf of tbo saiifrage, though in 
this ease the glands continued to secrete for seven duyB. Borne 
leaves of Pinguicnlft were sent me from North Wales, to whirh 
leaves of Eriat letrultj: and of an unkuown plant adhered ; and 
the glands in contact with them hod their contents plainly 
aggregated, us if they hod been in contact with inaectx; whilst 
the other glands on the same leaves contained only clear 
homi^eneous fluid. 

(15) Sreilt. — A conaidemMe number of Feeds or fruits se- 
lected by hazard, some fresh and some a year old, some soaked 
for a short time in water and some not soaked, were tried. The 
t«a following kinds, namely cabbage, radish, Aurmnue nemo- 
Tom, Jiumex aertoia, Ciirex nyloalim, mustard, tifniip, cress, 
B'tnuni-ulns nerU, aud Avf<ta piibiirrtif. all excited much secre- 
tion, whic'i was in several casee tested and found always acid. 
The five first-named seeds excited the glands more than the 
others. The secretion was seldom copious until about 24 hrs. 
hod elapsed, no doubt owing to the I'oats of the seeds not being 
easily permeable. Nevertheless, cabbage seeds excited some 
secretion in 4 lirs. 30 m. ; and this increased so much in IS hrB. 
as to run down the leaves. The seeds or projierly the fruits of 
C(irex are much oftener found adliering to leaves in a state of 
nature than those of any other genus ; and thu fruits of Cnrrr. 
ujlmiica excited so much secretion that in 15 hrs. it ran into 
tile incurved edges; but the (;lands «faaed to secrete after 
40 hm. On the other hand, Ihc glands on which the seeds 
Dt the llumex and Avena rested cuulinued to secrete for nine 

The m'ne following kinds of seeds cxciled only a slight 
amount of secretion, namely celery, parsnip, 
grahdijliiniiii, CaMia, Trl/ubum /•ai-nOf'cuni, Plantogo, 
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and BroninB. Most of the^e seeds did not excite Kay eecretii 
nntil 4t! hrs. had elapeed, and in the eiwe of the Trifolinin onl 
ono fc-ed acted, and thin not until the thiri] dny. Although tl 
i*eds of the I'lantsgo eirtted very little secretion, the glsaite'' 
continued to eccrete for nix days. Lastly, tlio five following 
kinds excited no eecretion, though left on the leaTce for two 
or three daye, namely lettuce, AWm Iflml'j-, A'ripltx liMimti*, 
I'liahr's c'luaiieiiitii, and wheat. NevertlielesB, when the seeds 
of the lettuce, wheat, and Atriplux were split open And applied. 
to Itaves, Becretion was cjccited in considerable quantity in 
10 hrs., and i believe that some was excited in six hours. la 
the case of the Atriplei the secretion ran down to the margin, 
and after 34 hra. I spt'^ak of it in my notei) " s.1 inunense in 
in^intity and acid." The split seeds also of the Trifolium and 
celery acted powerfully and qnickly, though the whole seeds 
caused, as we have seen, very little secretion, nud only after A 
lung interval of time. A slice of the common pea, which how- 
ever was not tTied whole, caused secretion in 2 hra. From 
these fiicta we may conclude that the great difference in the 
depree slid rate at wliich various kinds of weds excite eeci«- 
tiou, ia chiefly or wholly due to the different permekbilitj 
of Iheir coats. 

Some thin slices of the comnimi pe-n. which liad been pre- 
viously soaked for 1 hr. in water, were placml nn a leaf, and' 
quickly excited much acid secretion. After 24 hrs. these slicn 
were compared under a hi^h )x>wer with othcm left in water 
for the same time ; the latter contained so many tine gnuinleB. 
of legumin that the slide was rendered niuddy ; whcrea« tiW' 
tilices whicli had been snbjectfld to tlie secretion were mnolli' 
cleaner and more transparent, the granules of li^umin ftppa- 
ronily having been dissolved. A cabbage seed which had laia 
for two days ou a leaf and had excited much add BeoreUtM^ 
was cut into sliees, and these were compared with thOM of 
a seed which had been left for the same time in water. Tboa%' 
8nl)ject«i to the secretion were of a paler colour ; tb^ir coal 
pi'escnting the great^-st differences, for they were of a pale t"" 
tint instead of chestnut-brown. The s'lids on which 
cablmge seeds had rested, as well a.^ those bathed by the 
rounding secretion, differal greatly in appettrance from tbeo 
glands on the same leaf, for they all containi'd brownish gnuiuIWi' 
matter, proving that they had alworbed mat'or from the see ~ 

That the secretion act* on the seeds was also shown by 
of them being kilUd.orby thesecdlingn Ix-'iiig injured. Foui 
cabbage seeds were \cft for IhrL-e diiys on leaves and excita 
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mnch iKoivtion ; tiiey were then placed on dump mnd under 
foiiditionB known to be favourable for genniwiljon. TJiroe 
novtT Kcnninatod, and this wa.t a (ax hrget proportion uC dunHis 
limn occurred with seeds of the fatne lot, which hud not heea 
subjeetod to the secretion, hut were otherwiRe trenl«(l in Ibo 
same manuur. Of the eleven seedlings ruised, thi'CB hn'l the 
edges of their cotyledons sh'ghtly browned, aa if ecoruhed ; and 
the DolyledotiB of one grew into a ciirioiiH indented shnpe. Two 
mustard seeds gerniinuted ; but their cpt^leduns were marked 
with lirown patches and Iheir radicles ^formed. Of two ntdiah 
seeds, neitlier germinated ; whereas of many seeds of the game 
lot not Biihjected to the secretion, all, excepting one, germiuatiid. 
Of the two Bumex geeds, one died and the otlitsr gsmiinattid ; 
but its radicle was brown and soon withered. Both seeds of the 
Avena germinated, one grew well, the other Iiad its radicle brown 
and withered. Of nix seeds of the Erica none germinated, and 
when cnt open after having been left for five months on damp 
Band, one alone seemed alive. Twenty-two wfds of vurlouH 
kinds were found adhering to the leaves of plants growing in a 
state of nature; and nf tliese, thongh kept for five munths on 
damp sand, none germinated, some being then evidently dead. 
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(16) It has already been shown that bits of glass, placed on 
leaves, excite little or no secretion. The Bcnall amount which 
lay beneath the fragments was tested and foand not acid. A 
bit of wood excited no secretion; nor did the several kinds of 
seeds of which the coats are not permeable to the secretion, and 
which, therefore, acted like inorganic bodies. Cubes of fat, loft 
for two days on a leaf, produced no effect. 

(17) A part.icie of white aut/nr, placed on a leaf, formed in 
1 hr. 10 m. a lai^ tliHip of fluid, which in the course of 2 
additional hours ran down into the naturally inflected margin. 
This fluid waa not in the least acid, and began to dry up, or 

I more prolably wan absorbed, in E hrs. 30 m. The expcrinitnl 
was repeated; particles being placed on a leaf, and others of 
(ho «ame size on a slip of gloss in a moistened stale ; both beinz 
cuvored by a bell-glass. This was done to see whether the 
increased amount of fliud on the leaves could be due to mere 
leliqueeccnce ; t>ut this was proved not to be the cose. The 
particle on the leaf caused so muoh secretion that in the course 
of ihr8.itran down actosa two-thirds of the leaf. AfterShrs, 
the leaf, which was concave, was actually filled with very viscid 
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it particularly deserves noiice tliat this, 

i not in t)ie least acid. This great iudoi 
of Becretion may be attrilmtod to exosmose. The glands 
had been covered for 24 hrs. by this fluid did not differ, wl 
csaniined under the mieroRcojw, from otbyrs o 
which had not come into coulact n-ith it. This is on intereelij 
fact in contrast with the invariably aggxegaini conUiti 
glands wliiuh have been bathed by the secretion, when hi 
auinml matter in nolulion. 

(18) Two particles of gum arahic were placed on a leaf, anj 
tliey certainly eaused in 1 hr.20ni.a Blighlincreaseof secretion. 
This continued to increase for the next 5 hrs., that is for ab 
long a time as the leaf was observod. 

(19) Six small paitielcs of dry 'turc'' of commerce were placed 
on a leaf, and one of lliese caused some secretion in 1 hr, 15 m, 
and the others in from H hrs. to ^ hrs. The glands which had thUB 
been excited to secrete soon became dry, and did cot begin to 
secrete A9:ain until the aixth day. A larger bit of starch wa> 
then placed on a leaf, and no secretion was excited in 5 hra.. 
30 m. ; hut after 8 hii. there was a considerable snpply, whidi 
increased so much in 04 hrs. as to run down the Ic&f to llw 
distance of J of an inch. This secretion, though so abnsdaiit^ 
was not ill the least acid. As it was so copiously excit6^ 
and as seeds not rarely adhere to the hiaves of naturally 
frowing plants, it occurred to me that the glands might 
perhaps have the power of secreting a ferment, like ptyalin^ 
capable of dissolving starch ; so 1 carefully observed the above 
611 small particles during several days, but they did not seem 
in the least reduced in bulk. A particle was also left for two 
days in a little pool of secretion, which had run down from & 
piece of spinach leaf; bnt although the particle 
no diminution wos perceptible. We may therefore conolnda 
that the secretion cannot dissolve starch. The increase cai 
by this Rulwlonce may, I presume. I<e attributed to 
But I am surgirised that starch acted so quickly and jjOwtafnUf 
as it did, though in a less degree than sugar. Colloids arc known 
to possess some slight power of dialysis; and on placing the 
leaves of a Frimnla in water, and others in sjriip and diffused 
starch, those in the starch became flaccid, but lo a lets dcgro6 
and at a much slower rate thoii the lenvcs inlbe syrup; 
water remaiuing all the time crisp. 
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see that objects not containing soluble matter liare 
little or no power of exciting the glauds to secrete. 
Non -nitrogenous fluids, if dense, cause the glands to 
pour forth a large supply of viscid fluid, but this is 
not in the least acid. On the other hand, thti st^cre- 
tton from glands excited by contact with nitrogenous 
solids or liquids is invariably acid, and is so copious 
that it often runs down the leaves and coDects 
within the naturally incurved margins. The secre- 
tion in this state has the power of quickly dissolving, 
that is of digesting, the musclca of insects, meat. 
cartilage, albumen, fibrin, gelatine, and casein ai> 
it exists in the curda of milk. The glands are 
strongly excited by chemically prepared casein and 
ffluten ; but these substimces (the latter not having 
been soaked in weak hydrochloric acid) arc only 
partially dissolved, as was likewise the case with 
Drosera. The secretion, when containing animul 
matter in solution, whether derived from solids 
or trom liquids, such as an infusion of raw meat, 
milk, or a weak solution of carbonate of ammonia, 
is quickly absorbed ; and the glands, which were 
before limpid and of a greenish colour, become brownish 
and contain masses of aggregated granular matter. 
This matter, from its spontaneous movements, no doubt 
consists of protoplasm. No such effect is produced 
by the action of non -nitrogenous fluids. After the 
glands have been excited to accrete freely, they cease 
for a time to secrete, but begin again in the course of 
a few days. 

Glands in contact with pollen, the leaves of other 
plants, and various kinds of seeds, pour forth much 
acid secretion, and afterwards absorb matter probably 
of an albuminous nature from them. Nor can the 
benefit thus derived be insignificant, for a considerable 
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LimoiiQt of pollen must be blown from the 
wind-fertilised cances, grasses, &c., growing where 
Pinguiciila lives, on to the leaves thickly coYered with 
viscid glands and foiuing large roaettcs. Even a feif-g 
gmins of pollen on a single gland causes it 
secrete copiously. We have also seen how fra 
qiiently the small leaves of Erica (etralix and 
other plants, as well as various kinds of seeds i 
fruits, especially of Carox, adhere to the leaves, 
leaf uf the Pinguicula had caught ten of the littlw 
leaves of the Erica; and three leaves on 1 
plant had eaeh caught a seed. Seeds eubjecte 
to the action of the secretion are sometimes killec 
or the seedlings injured. We may, therefore, coaA 
elude that Pinguieula vulgaris, with its small roots 
is not only supported to a large extent by the extra 
ordinary number of insects which it habitually cap- 
tures, but likewise draws some nourishment from thafl 
pollen, leaves, and seetls of other plants which oftein 
adhere to its leaves. It is therefore partly a vegetablal 
as well as an animal feeder^ 

PlNQIlIClILA QHANDIFI,OHA. 

This Species is so closely allied to the last that it I 
ranked by Dr. Hooker as a sub-species. It diffenll 
chiefly in the larger size of its leaves, and in tbe^ 
glandular hairs near the basal part of the midrib< 
l>eing longer. But it likewise differs in constitution y 
I hear from Mr. Balfs, who was so kind as t« seD<{| 
me plants from Cornwall, that it grows in rathei 
diflerent sites; and Ur. Moore, of the Glasneviiti 
Botanic Gardens, informs mo that it is much mar4>g 
manageahle under cidture, growing freely and floi 
iug anmially; whilst Pimjaicula vulgaris has to Iwfl 
renewed every year. Mr. llalfs found numerutiif 
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insects and fragments of insects itdhcring to almoat all 
the leaves. These consisted chiefly of Diptera, with 
Bome Hymenoptera, Homuptera, Coleoptera, and a 
moth. On one leaf there were nine dead insects, 
besides a few still alive. He also observed a few fruits 
of Carex pvliearis, as well as the seeds of this same 
Pinguicula, adhering to the leaves. I tried only two 
experiments with this species; firstly, a fly was placed 
near the margin of a leaf, and after 16 hrs. this waa 
found well inflected. Secondly, several small flies were 
placed in a row along one margin of another leaf, and 
by the next morning this whole margin was cuiled 
inwards, exactly as in the case of Pinguicala vvlffaris. 

PlNOUICtTLA LUSITANICA. 

This species, of which living specimens were sent me 
by Mr, Balfs from Cornwall, is very distinct from the 
two foregoing ones. The leaves are rathi:T smaller, 
much more transjiarent, and are marked with purple 
branching veins. The margins of the leaves are much 
more involuted; those of the older ones extending 
over a third of the space between the midrib and the 
outside. As in the two other species, the glandular 
hairs consist of longer and sliorter ones, and Lave the 
same structure ; but the glands differ in being purple, 
and in often containing granular matter before they 
have been excited. In the lower part of tlie leaf, almost 
half the space on each side between the midrib and 
margin is destitute of glands ; these being replaced by 
long, rather stiff, muiticellular hairs, which intercross 
over the midrib. These hairs perhaps 3er>-o to prevent 
insects from settling on this part of the leaf, where 
there arr no viscid glands by which they could be 
caught; hut it is hardly probable that they were 
developi'd fur this purpose. The sjiinil vessels pro- 
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ceeding from the midrib teiminate at the extremel 
margin of the leaf in spiral cells ; but these are not a 
well developed as in the two preceding speciee. Tho'l 
flower-j>ed uncles, sepals, and petals, are studded witli 
glandular hairs, like those on the leaves. 

The le-aves catch many small insects, which i 
found chiefly beneath the involuted margins, probably i 
washed there by the rnin. The colour of the glanda j 
on which insects haye long lain is changed, being 
either brutvniEh or pale purple, with their contents i 
coarsely granular; so that they evidently absorb 
matter from their prey. Leaves of the £rica telralix, i 
flowers of a Galium, scales of grasses, &e. likewise 
adhered to some of the leaves. Several of the ex- 
periments which were tried on Pinguicvla vulgaris were j 
repeated on Pinguicula Imitanica, and these will now ' 
be given. 

(1) A moderately sized and niigular bit of ulbumm was 
placed ou otie Bide of a leaf, halfway betwoen the midrib and 
the naturally niTolutMl margin. In 2 hrs. 15 m. the glands 
poured forth much secrotioii, aud t^is side liccame mora 
infolded than tlie opposite one. The inflection increased^ 
and in 3 hrs. 30 ni. extended up almost to the apex. After 
24 hrs. the margin hi& rolled into a cylinder, the outer anrface 
of whiuh touched thu blade of the leaf and readied to within 
the ^ of on inch of the midrib. After 48 hrs. it bq;im to 
unfold, and in 72 hrs, wns completely unfolded. The cube waa 
rounded and greatly reduced in eizoi the remainder being ill' 
a semi-liquefied state. 

(2) A moderalely Bized bit of a/Jumen was placed near tba 
ai>cs of 0, leaf, under the naturally incurvL-d margin. In 
2 hrs. EtO m. much secretion was excited, nnd nest moming 
the margin on this side was mote incurved than the opposite 
oni.', but not to so great a degree as in the last cane. The margin 
unfoMed at the same rate as before. A large proportion of tin 
albumen was dissolved, a roranont lieing still loft. 

(3) Large bits o! alhumen were laid in a row on the midribii 
of two leaves, but produced in the course of 24 hrs. no i^ect; 
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nor could this have been expected, for even had gUnda 
esJBtcd here, the long bristles would have provenled the 
albumen from conung in coutAct with tliem. On both lenves 
tlie bita were now pushed close to one margin, and in 3 hrs. 
30 m. this became go greatly inflected that tito outer surface 
touciied the blude; the opposite niargin not being in the least 
affected. After three days the margins of both leaves witli tlie 
albumen were still as muoli iuBectcd as ever, and the glands 
were atill secreting copiously. With Fi'iyukala vulgarit I havo 
never seen inflection lasting bo long. 

(4) Two aibl^ai/t teedi, after being soaicd for an hour in water, 
were placed near the margin of a leaf, and canaed in 3 hrs. 
20 tn. increased Eccrotion and incurration. After ^ hrs. the 
leaf was partially unfoldixl, but the glands were still secreting 
Ireely. Tbese b«^au to dry in 48 hrs., and aftt'r 72 hrs. were 
almost dry. The two seeds were then placed on damp saud 
under favourable conditions for growth ; but they never gor- 
luinatod, and after a time were found rotten. They bod no 
doubt betn killed by the secretion. 

(o) Small bits of a s/<ina<.'A haf cansod in 1 hr, 20 m, 
increased secretion; and after 3 hrs. 20 m. plain incurvation of 
the margin. The margin was well inflected after 9 Iirs. 15 m., 
but after 24 hrs. was almost fully re-expanded. The glands 
in contact with the spinach became dry in 72 hrs. Bits of 
albumen had been placed the day before on the opposite margin 
of this same leaf, as well as on that of a leaf with cabbage 
seeds, and these margins remaintd closely inflected for 72 hrs., 
sliowing how much more enduring is the effect of albumen than 
of Bpiuoch leaves or cabbage seeds. 

(6) A row of small /lat/menls of glaa was laid along one 

morgiu of a leaf; no effect was produced in 2 hrs. 10 m., but 

after ij lirs. 25 m. there seemed to bo a troco of inflection, and 

this was distinct, though not strongly marked, after 6 hrs. Tlie 

glands in contact with Uio fragments now secreted mere freely 

than before; so that tltey ap|>ear to be njore easily excited 

by the pressure of inorganic objects than arc the glauds of Pi»- 

yuiculii vuli/aTi'. The above shght inflection of the moi'gin had 

^K Iiot increased after 24 hrs., and the glands were now licginnlng 

^B to dry. The snrFace of a leaf, near the midrib and towards 

^H tlie base, was nibt)ed and scratched for some time, but 

^H movement ensued. The long hairs which nro situated here 

^H were treated in the sami' manner, with no effect. This latter 

^H trial was made because 1 tlionght that the buirs might perhapa 

^^^ be ■BUBJtive to a touch, like the filaments of Diotueo. 
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(7) Tlie flower -pednncles, Hepals nnd petals, bear glands 
geceml appearanco like those on the leavim. A piece of a 
flower-ppd uncle waa therefore left for 1 hr. in a solution of 
one part of carbonate of ammonia to 437 -jf water, and t.hJB 
canned the glands to (change from bright pink to a, dull 
purple colorir; but their contents exhibited no distinct aggre- 
gation. After 8 hrs. 30 m. they became colourlesB. Two uinnto 
cubes of albumen were placed on the glands of a fliiwet^ 
peduncle, and another cube on the glands of a sepal ; but thejr 
) not excited to increased eccretion, and the albumen 
after two dajs was not in the least softened. Hence ihoao 
glands apparently differ greatly in function from those o 

Frtmi the foregoing oljservations on Pingiticula liu 
tallica we see that the naturally much incurved mai 
gins of the leaves are excited to cur\e still farther in> 
wards by contact with organic and inorganic bodies'd 
that albumen, cabbage seeds, bits of spin»<'h leaves 
and fragments of glass, cause the glands to secrets 
more freely ; — that albumen is dissolved by 
secretion, and cabbage seeds killed by it ; — and lastlfl 
that matter is absorbed by the glands from the insect! 
which are caught in large numbers by the vise" 
secretion. The glands on the flower-peduncles a 
to have no such power. This speaes differs from J 
giticala vulgaris and grandiflora in the margins of thl 
leaves, when excited by organic bodies, being inSecte 
to a greater degree, and in the inflection lasting for f 
longer time. The glands, also, seem to be e 
excited to increased secretior, by bodies not yieldin 
soluble nitrogenous matter. In other respects, i 
as my observations serve, all three species agree i 
their functional powers. 
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llTRICrLlRU. 

VtricHlaria neglttla — Stnirture of the bladder— Tlio usee of the Bovend 
pitrts — XuiDiier of impriKinoil BnimaU — Mnnnoi of oapture — 
Thu bluddi^ra amoot dii^t animal matter, but alieoib the products 
of it« dceay — Experimenta oii tbo abeorptitJii of certain Quid« by 
tbo quadrifld proceages — Abnorption by the ghmds — Bummary 
of theobnerTHtion on absorption — Develo]>ment of thebladdeni — 
Vtriimian'a vulgaTit — Vtriatiaria minor — Ulrietiinria tiaiidcttina. 

I WAS led to investigate the habits and atructiire of 
the species of this genus partly from their belonging 
to the Biuno natural family as PinguicuLt, but more 
especially by Mr. Holland's statement, tliat " water 
insects are often found imprisoned in the bladders," 
which he suspects " are destined for the plant to feed 
on." • The plants which I first received as Utrieularia 
vulgaris from the New Forest in Hampshire and from 
Ooniwall, and which I have chiefly worked on, have 
been determined by Dr. Hooker to be a very rare 
British species, the Utrieularia net/leeta of Lehm.f I 
subsequently received the true Utriailaria vulgarit 
from Yorkshire. Since drawing up the following 
description from my own observations and those of my 
Bon, Francis Darwin, an important memoir by Prof. Cohn 




• The 'Quart. Mag. of the 
High Wyoomlw Nut. Hiat. Soc' 
July IWiS, p, 5. Delpino {'Ult. 
Omeirox. Hulla Dim^mio,' &d. 
I8li8-18ti9, p. 10) also quotes 
Cmuui BB having found (1858) 
cnutoeeane within the bbiddtrs 
nf VUia^ria culynrii. 



t 1 am much indebted to tlio 
Kev. H. M. WilkinHiii, of Bistem, 
for hnvinK Bent mo several line 
lotd nf this species from the New 
Forest. Mr. EalfaKasnlBOBoldiid 
as to send mo living plants of the 
mmv specie from WMir Penxann: 
in CornwuU. 
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on Vtrioularia vulgaris has appeared ; • and it liiis t 
QO small satisfactiitn to me to find that my ocoouan^ 
agrees almost completely with tiiat of tliia 'listia-I 
guislied observer. I will piihliah my deacriptioti i 
it stoofl before reading that by Prof, Cohn, adding;^ 
occasionally aome statements on his authority. 




Kwlrh nllL tbs dlviilnd 



Utricularia negUda. — The general appearance of al 
branch (about twice enlarged), with the piimatifid leaTM.! 
bearing bladders, is represented in the above sketchJ 
(fig. 17). The leaves continually bifurcate, so tliat \ 
a fiill-grown one terminates in from twenty to thirtj j 
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fxiints. Each point is tipped by a short, etmight 
bristle ; and slight notches on the sides of thp 
louves bear similar bristles. On both surfaces there 
nre many small papilla;, crowned with two hemi- 
spherical ceUs in close contact. The plants float 
near the surface of the water, and are quite destitute 
ff roots, even during tlie earliest period of growth.* 
'i'hey commonly inhabit, as more than one observer 
has remarked to me, remarkably foul ditches. 

The bladders offer the chief point of interest. 
There are often two or three on the same divided \c&f, 
generally near the base ; though I have seen a single 
one growing from the stem. They are supported on 
short footstalks. When fully grown, they are nearly 
y'jf of an inch (2'54 mm.) in length. They are trans- 
lucent, of a green colour, and the walls are formed 
of two layers of cells. The exterior cells are poly- 
gonal and rather large ; but at many of the points 
where the angles meet, there are smaller rounded cells. 
These latter support short conical projections, sur- 
mounted by two hemispherical cells in such close 
apposition that they appear united ; but they often 
aeparate a little when immersed in certain fluids. The 
papillae thus formed are exactly like those on the 
surfaces of the leaves. Those on the same bladder 
viiry much in size ; and there are a few, especially on 
very younj;; bladders, which have an elliptical instead 
of a circular outline. 'J'he two terminal cells are 
trimsparent, but must hold much matter in solution, 
judging from the quantity coagulated by prolonged 
1 in alcohol or ether. 
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The bladdtTs are filled with water. They generally^ 
but by uo means alwuya, contain bubbles of air. 
cording to the quantity of the contained water aiid'l 
air, they vary mnch in thickness, but are always some- 
what compreBsed. At an early stage of growth, tbi 
flat or ventral surface faces the axis or stem ; but thttl 
footstalks must have some power of movement; foBi 
iu plants kept in my greenhouse the ventral surlaca j 
was generally turned either straight or obliquely ' 
downwards. The Eev. H. M. Wilkiuson examined 
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plants for me in a state of nature, and found this 
commonly to be the case, but the younger bladders 
often had their valves turned upwards. 

Thij geneml appearance of a bladder viewed late- 
nilly. with the appendages on the near side alone i 
represented, is shown in the accompanying fignre . 
(fig. 18). The lowt-r side, where the footstalk arises, ia J 
nearly straight, and I have called it the ventral surface. J 
The other <)r dorsal surface is convex, and tenninatesil 
in two Ions prolongations, formed of several rows t 
rolls, conta'ning chlorophyll, and bearing, chiefly ooM 
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the outside, six or seven long, pointed, niulticelluliir 
bristles. These prolongatioos ol' tJie bladder iiiny Iw 
eonveniajtly tyilled the antennie, for the whole bhiddcr 
(see fig. 17) curiously resembles an entomostraean cnis- 
tacean, the short footstalk representing the tail. In 
fig. 18, tlie near antenna alone is shown, fieneatli 
the two antenniP tlie end of the bladder is slightly 
truneated, and here is situated the most important 
part of the whole structure, nniaely the entranee anil 
valve. On eaeh side of the entrance from three to 
nirely «even long, multieelLular bristles project out- 
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wards; but only those (four in number) on the near 
side are shown in the drawing. These bristles, to- 
gether with those borne by the antenna', form a sort 
I of hollow cone surrounding the entrance. 
The valve slopes into the cavity of the bladder, or 
upwards in fig. 18. It is attachcil ou all sides to 
the bladder, excepting by its posterior margin, or the 
lower one in fig. 19, whieli is free, and forms one side 
of the slit-like orifice leading intu the bladder. This 
margin is sharp, thin, and smooth, and rests on tlie 
__. 
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bladder, aa sIiobti iu the longitudinal section (fig. 20) 
nt' the collar and valve ; it is also ihown at c, in fig. 18. 
The edge of the valve crni thus open only inwards. 
As both the valve and collar dip into the bladder, i 
hollow or depression is hero formed, at the base i 
which lies the slit-like orilice. 

The valve is colourless, highly transparent, flexiblsa 
and elastic. It is convex in a transverse direction, 4 
but haa been drawn {fig. 19) in a flattened state, by J 
which its apparent hnyidtli is intin-ased. It is formed,! 
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according to Cohn, of two layers of small cells, wluoh'l 
are continuous with the two layers of larger celht 1 
forming the walls of the bladder, of which it ie evi-* ■ 
deutly a prolongation. Two pairs of transparent 
pointed bristles, about as long as the valve itself, 
arise from near the free posterior margin (fig. 18), 
and point obliquely outwards in the direction of tlw tJ 
antennte. There are also on the surface of the valrftj 
numerous glands, as I will call them ; for they liim 
the power of absorption, though I doubt whethsl 
they evtT aeerote. They consist of three kinds, whioli] 
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to a certain extent graduate into one another. Thosu 
situated round the anterior margin of the valve (upper 
margin in fig. 19) are very numerous and crowded 
together ; they cooaist of an oblong head on a long 
pedicel. The pedicel itself is formed of an elongated 
cell, surmounted by a short one. The glands towardfl 
the free posterior margin are much larger, few in 
number, and almost spherical, htiving short footstalks ; 
iho head is formed by the conttnenee of two cells, the 
lower one answering to the short upper ceil of the 
pedicel of the oblong glands. The glands of the 
third kind have transversely elongated heads, and arB 
seated on very short footstalks ; so that they stand 
parallel and close to the surface of the valve ; they 
may be called the two-armed glands. The cells form- 
iug all these glands contain a nucleus, and are lined 
by a thin layer of more or less granular protoplasm, 
the primordial utricle of Mohl. They are filled with 
iluid, which must hold much matter in solution, 
judging from the quantity coagulated after they have 
been long immersed in alcohol or ether. The depres- 
sion in which the valve lies is also lined with innu- 
merable glands; those at the sides having oblong 
heads and elongated pedicels, exactly like the glands 
on the adjoining [tarts of the valve. 

The collar {called the peristome by Cohn) is evi- 
dently formed, like the valve, by an inward projection 
of the walls of the bladder. The cells composing the 
outer Bur&ee, or that facing the valve, have rather 
^m thick walls, are of a brownish colour, minute, very 
^B numerous, and elongated ; the lower ones being divided 
^H into two by vertical partitions. The whole presents a 
^H complex and elegant appearance. The cells forming 
^H the inner surface are continuous with those over 
^^ whole inner surface of the bladder. The space 
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tween the inner and outer surface consUta of coarse 
cellular tisane (fig. 20). The inner side is thickly 
covered with deliciito bifid processes, hiireafter to ba 
described. The collar is thus mude thick ; and it ig 
rigid, so that it retains the sume outline whether the 
bhiddor contains little or much air and water. This 
is of great importance, as otherwise the thin and 
flexible valve would be liable to be distorted, Uid\ 
in this case would not act properly. 

Altogether the eutrance into the bladder, formed by,j 
the transparent valve, with its four obliquely project- 
ing bristles, its numerous diversely shaped gland^ 
Burrounded by the collar, bearing glands on iiut 
inside and bristles on the outside, together with the 
bristles borne by the antenna.', presents an extra- 
ordinarily complex appearance when viewed unds 
the microscope. 

We will now consider the internal structure of the 
bladder. The whole inner surface, with the exception 
of the valve, is seen under a moderately high power to 
be covered with a serried muss of processes (fig. 21). 
Each of these consists of four divergent arms ; whence 
their name of quadrifid processes. They arise from 
small angular cells, at the junctions of the angles fA 
the larger cells which form the int«rior of the 
bladder. The middle part of the upper surface of theaO' 
small cells projects a little, and then contracts into 
very short and narrow footstalk which bears the foiif 
arms (fig. 22). Of these, two are long, but often of not 
quite equal length, and project obliquely inwards and 
towards the posterior end of the binilder. The two 
others are much shorter, and project at u smaller angl^ 
that is, are more nearly horizontal, and are diroctedii 
towanls the untiTior end of tlie bhiddrr. These armq 
are only moderately sharp; they are comiiosed of ex- 
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tremely tliin transpareiit membrane, so that tliey can 
be bent or doubled in any direction without being 
broken. They are lined with a delicate layer of proto- 
plasm, as is likewise the short conical projection from 
which they arise. Eneh arm generally (but not in- 
variably) contains a uiiiiute, t'aintly brown particle, 
either rounded or more commonly elongated, which 
oxliihita incessant Brownian mo?ements. These par- 
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tides slowly change their positions, and travel from 
one end to the other of the arms, but are commonly 
fonnd near their bases. They are present in tlie quad- 
rifids of young bladders, when only alxint a third of 
their full size. They do not resemble ordinary nuclei, 
hut I believe that they are nuclei in a modi^ed con- 
dition, for when absent, I could occasionally just dia- 
tingnish in their places a delicate halo of matter, 
including a darker spot. Moreover, the quadrifids of 
Uiriettlaria montana contain rather larger and niucb 
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more regularly spherical, but otlierwise simiJar, par- I 
tides, whieli closely resemble the nuclei in the cells 1 
forming the walls of the bladders. In the present I 
case there were sometimes two, three, or even more^ J 
nearly similar particles within a single arm; but, 
we shall hereafter see, the preface of more th; 
one seemed always to be e-onnected with the absorption I 
of decayed matt«r. 

The inner side of the collar (see the previous fig. 20) I 
is covered with several crowded rows of processes, dif- < 
fering in no important respect from the quadrifida, 1 
except in bearing only two arms instead of four ; they / 
are, however, rather narrower and more delicate. I shall 
cjtll them the biflds. They project into the bladder, 
find are directed towards its posterior end. The quad- 
ritid and bifid processes no doubt are homologons , 
with the papilla3 on the outside of the bladder and | 
of the leaves; and we shall see that they are d&- 1 
veloped from closely similar papillie. 

The Uses of the teveral Parte.— After the above longl 
.but necessary description of the parts, we will turn tal 
their uses. The bladders have been supposed by some I 
authors to serve as floats; but branches which boraV 
no blaxKlers, and others from which they had been! 
removed, floated perfectly, owing to the air in thaj 
intercellular spaces. Blailders containing dead i 
captnred animals usually include bubbles of air, I 
these cannot have been generated solely by the ] 
cess of decay, as I have often seen air in yoimg, olean^a 
and empty bladders ; and some old bladders with much^ 
decjiying matter had no bubbles. 

The real use of the bladders is to capture smal 
aquatic animals, and this they do on a. large scale, 
tlio first lot of plants, which I recj?iveil from the Nei 
Forest early in .luly, a huge propiirtion of the full} I 
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grown bladders contained prey ; in a second lot, re- 
ceived in the beginning of August, moat of the 
bladders were empty, bnt plants bad been selected 
whicli had grown in unusually pure water. In the 
lii-at lot, my son examined seventeen bhwlders, in- 
cluding prey of some kind, and eight of these con- 
tained entomostracan crustaceans, three larvai of in- 
sects, ono being still alive, and six remnants of 
animab so much decayed that their nature could not 
be distinguished. I picked out five bladders which 
seemed very full, and found in them four, five, eight, 
and ten cnistaceans, and in the fifth a single much 
elongated larva. In five other blad^lere, selected from 
containing remains, but not appearing very full, there 
were one, two, four, two, and five crustaceans. A plant 
of TJtrievlaria vulgaris, which had been kept in almost 
pure water, was placed by Oohn one evening into water 
swarming with crustaceans, and by the next morning 
most of the bladders contained these animals entrapped 
and swimming round and rouud their prisons. They 
remained alive for several days ; but at last perished, 
asphyxiated, us I suppose, by the oxygen in the water 
having been all consumed. Freshwater worms were 
also found by Cohn iu some bladders. In all cases 
the bladders with decayed remains swarmed with 
living AJgfe of many kinds. Infusoria, and other low 
organisms, which evidently lived as intruders. 

Animals enter the bladders by bending inwards the 
posterior free edge of the valve, which from being 

highly elastic shuts again instantly. As the edge is 

^L extremely thin, and fits closely against the edge of the 
^^k collar, both projecting into the bladder (see section, 
^H fig. 2U), it would evidently bo very difficult for any 
^H knimal to get out when once imprisoned, and apparently 
^^P they never do escape. To show how closely the edgi 
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lits, I may mention that my son I'orniJ a Dapl 
whicQ hod inserted one of its antenna into the sUl(J 
and it was thus held fast during a whole day. On>j 
Ihree or four occasions I have seen long narrow lamerj 
lioth dead and alive, wedged between tbe corner olj 
the Talve and collar, with half their liodiea within thol 
bladder and half out. 

As I feit much difficulty in understanding how snch 
minute and weak animals, as are often captured, 
could force their way into the bladders, I tried maay 
experiments to ascertain huw this was effected, Th^j 
free margin of the valve bends so easily that 
resistance is felt when a needle or thin bristle 
inserted, A thin human hair, fixed to 
and cut off so as to project barely ^ of an ini 
tmtered with 8<.ime difficulty; a longer piece yieldi 
instead of entering. On three occasions minute 
tides of blue glass (so as to be easily distiugaishi 
were placed on valves whilst under water; and 
trying gently to move them with a needle, they dif 
poared so suddenly that, not socing what had happeot 
I thought that I had flirted them ofl"; but on 
amining the bladders, they were found safely encl 
The same thing occurred to my son, who placed lit 
cubes of green box-wood (about kI^ of an inch, 
mm.) on some valves ; and thrice in the act of ph 
them on, or whilst gently moving them to anothi 
spot, the valve suddenly ojwned and they were 
gulfed. He then placed similar bits of wood on oth< 
valves, and moved them about for some time, but thej 
did not enter. Again, particles of blue glass wera 
placed by me on three valves, and extremely minute 
shaving of lead on two other v.iJves ; aft*r 1 or 2 bra. 
none had entered, but in from 2 to o hrs, all five 
were enclosed. One of the jiarticles <>{ glass 
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long splinter, of which one eud re9l«<l obUqiiely on 
tlie valve, and after a few hours it was foiinii fixed, hiiK 
witliiu the bladder and half projecting oiit, with the 
adgs of the vulve fitting closely all round, except iit 
one angle, where a smull open apat^e was h^ft. It waa 
"jo firmly fixud, like the above mentioned larvie, tluit 
tho bladder was torn from the branch and shaken, and 
yet the splinter did not fall out. My son also placed 
little cubes (about g^ 0^^ <"> '"^^h, 'S!)! mm.) of green 
lx>x-wood, which were just heavy enough to sink in 
water, un three valves. These were examined alter 
li) hrs. 30 m., and were still lying on the valves ; but 
after 22 hrs. 30 m. one was found enclosed. I may 
here mention that I found in a bladder on a naturally 
growing plant a grain of sand, and in another bladder 
three grains ; these must have fallen by some accidt-nt 
on the valves, and then entered like the particles 
of glass. 

The alow bending of the valve from the weight of 
particles of glass and even of box-wood, though largely 
supported by the water, is, I suppose, analogous to the 
slow bending of colloid substances. For instance, 
particles of gloss were placed on various points of 
narrow strips of moistened gelatine, and these yielded 
and became bent with extreme slowness. It is much 

I more difficult to understand how gently moving a 
particle from one part of a valve to another causes it 
suddenly to open. To ascertain whether the valviB 
were endowed with irribibility, the surfaces of severiil 
were scratched with a needle or brushed with a fire 
camel-hair brush, bo as to imitate the crawling move- 
ment of small crnstaceaus, but the valve diil not 
open. Some bladders, before being brushed, were left 
for a time in water at temperatures between 80^ and 
130= F. (26''G— 54=4 Cent.), as, judging from a wide- 
21 
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^1 Spread analogy, this would have rendered them more 

^B sensitive to irritation, or would by itself have excilt-d 

^M movement ; but no effect was produced. "W'e may, 

^H therefore, conclude that animals enter merely by 

^H forcing their way through the slit-like orifice; their 

^f heads serving as a wedgt?. But I am surprised that 

such small and weak creatures as are often captured 
(for instance, the nauplius of a crustacean, and a tardi- 
grnde) should be strong enough to act in this manner, 
seeing that it was difficult to push in one end of a 
bit of a hair ^ of an inch in length. Nevertheless, 
1 1 is certain that weak and small creatures do enter, 
>iii<l Mrs. Treat, of New Jersey, has been more suc- 
cessful than any other observer, and has often wit- 
nessed in the case of Vtricularia dartAesHtM the 
whole process." She saw a tardigrade slowly walk- 
ing round a bladder, as if reconnoitring ; at last it 
crawled into the depression where the valve lies, and 
then easily entered. She also witnessed the entrap- 
ment of various minute crustaceans. Cypris " was 
" quite wary, but nevertheless was often caught. 
" Coming to the entrance of a bladder, it would some- 
" times pause a moment, and then dash away ; at 
" other times it would come close up, and even ven- 
" ture part of the way into the entrance and hack out 
" as if afraid. Another, more heedless, would open 
" the door and walk in; but it was no sooner in than 
" it manifested alann, drew in its feet and antenuie, 
and closed its shell." Larvie, apparently of gnats, 
when " feeding near the entrance, are pretty certain 
" to run their hewds into the net, whence there is no 
" retreat. A large larva is sometimes three or four 
" honre in being swallowed, the proi-ess bringing tu 

New Vork Trib-uie, reprinted izi the ' Guril. Cbroii." 187S, p 
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** mind what I have witneaaed wlien i. small snake 
" makes a large frog its victim." But as tlie valve 
does not appear to be in the letiat irritable, the 
slow swallowing process must bo the efl'ect of the 
onward movement of the larvu. 

It is diQicuIt to coiijecturc ivliat can attract so many^ 
creatures, aiiimul- and vegetable-feeding crustaceans, 
worms, turdigrades, and various larvaj, to enter the 
bladders. Sirs. Treat says that the larvoe just 
referred to are vegetable-feeders, and seem to have a 
special liking for the long bristles round the valve, but 
this taste will not aucount for the entrance of auimal- 
feeiling cnistaeeans. Perhaps small ac{uutic animals 
habitually try to enter every small crevice, like that 
between the valve and collar, in search of food or pro- 
tection. It is not probable that the remarkable trans- 
parency of the valve is an accidental circumstance, 
and the spot of light thu» formed may serve as a 
guide. The long bristles round the entrance ap- 
parently serve for the same purpose. I believe that 
this is the case, because the bladders of some epi- 
phytic and marsh species of Utricularia which live 
embedded either in entangled vegetation or in mud, 
have no bristles round the entrance, and these under 
such conditions would bo of no sen^ice as a guide. 
Nevertheless, with these epiphytic and marsh species, 
twt) pairs of bristles project from the surface of the 
valve, as in the aquatic species; and their use pro- 
bably is to prevent too large animals from frying to 
force an entrance into the bladder, thus rupturing the 
orifice. 

As nnder favourable circumstances most of the hlad- 
iZcrs succeed in securing prey, in one case as many as 
lea crustaceans ; — as the valve is so well fitted to 
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allow auimals to enter and to prevent their escape ;- 
and as the inside of the bladder presents so singular 
a structure, clothed with iiiuumerable qiiadrifid and 
bifid proceases, it ia imprissible to doubt that the plant 
has been specially adapted for securing prey. From 
the analogy of Pinguicula, belonging to the same 
family, I naturally expected that the bladders would 
have digested their prey ; but this is not the case, and 
there are no glands fitted for secreting the proper j 
fluid. Nevertheless, in order to test their power of i 
digestion, minute fragments of roast meat, three small ' 
cubes of albumen, and three of cartilage, were pushed i 
through the orifice into the bladders of vigoroua I 
plants. They were left from one day to three daya 
and a half within, and the bladders nere then cut 
open ; but none of the above substances exhibited the I 
least signs of digestion or dissolution ; the angles of the j 
cubes being as shai-p as ever. These observations were f 
made subsequently to those on Drosera, Diontea, Droso- 
phyllum, and Pinguicula; so that I was familiar with 
the appearance of these substances when under^ 
going the early and final stages of digestion. We may 
therefore conclude that Utricularia cannot digest the 
animals which it habitually captures. 

In most of the bladders the captured animals are so i 
much decayed that they form a pale brown, pulpy 
mass, with their chitinous coats so tender that they ' 
fall to pieces with the greatest ease. The black i 
pigment of the eye-spots is preserved better than any 
thing else. Limbs, jaws, &c. are often found quita 
detached ; and this I suppose is the result of the vain 
struggles of the later captured animals. I have 
sometimes felt surprised at the small proportion of I 
imprisoned animals in a fresh state compared with [ 
those utterly decayed. Mrs. Treat states with respect 
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to the larvtc above referred to, that "usually in less 
" than two days after a large one was captured the fluid 
" contents of the bladders began to assume a eluudy 
" or muddy appearance, and often became so dense 
" that the outline of the animal was lost to view." 
This statement raises the suspicion that the bladders 
secrete some ferment hastening the process of decay. 
There is no inherent improbability in this supposition, 
considering that meat soaked for ten minutes !ti water 
mingled with the milky juice of the papaw becomes 
quite tender and soon passes, as Browne remarks in 
his 'Natural History of Jamaica,' into a state of 
putridity. 

Whether or not the decay of the imprisoned animals 
is in any way hastened, it is certain that matter ia 
absorbed from them by the quadritid and bi£d pro- 
cesses. The extremely delicate nature of the mem- 
brane of which these proc<^8^es are formed, and the 
large surface which they exjjose, owing to their niimlx^r 
crowded over the whole interior of the bladder, are 
circumstances all favouring tbe process of absorption. 
Many perfectly clean bladders which had never caught 
any prey were opened, and nothing could be distin- 
guished with a No. 8 object-glass of Hartuack within 
the delicate, structureless protoplasmic lining of the 
arms, excepting in each a single yellowish particle or 
modified nucleus. Sometimes two or even three such 
particles were present ; but in this case truces of decay- 
ing matter could generally be detected. On the other 
hand, in bladders containing either one large or several 
■mall decayed animals, the processes presented a widely 
different appearance. Six such bladtlers wc 
fiiUy examined ; one contained an elongated, coiled- 
Op larva ; another a single large entomostracaii cnista- 
eean, aud the others from two to five smaller ones, all 
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in a decayed state. In Diese six Llwldt^ra, a large 
number of the quadrifiil prow-'sses contained transpa- 
rent, often yellowiab, more or less contluent, spherical 
or irregularly shaped, masaes of matter. Kome of the 
processes, however, contained only fine granular 
matter, the particles of which were so small that they 
could not bo defined clearly with No. 8 of HartnacI 
The delicate layer of protoplasm lining their wal 
was in some cases a little slirunk. On three occjisioi 
the above small masses of matter were observed and 
sketched at short intervals of time ; and they certainly 
changed their positions rclntively to each other and 
to the walls of the arms. Separate masses sometimes 
became confluent, and then again divided. A single 
little mass would send out a projection, which after a 
time separated itself. Hence there could be no doul 
that these masses consisted of prot^iplusm. Bettrii 
in mind that many clean bladders were examined wil 
equal care, and that these presented no suidi ap] 
anco, we may confidently believe that the protoph 
in the above eases had been generateil by the absoi] 
tion of nitrogenous matter from the decaying animi 
In two or three other bladders, which at first nppeai 
quite clean, on careful search a few processes wi 
found, with their outsides clogged with a Utile brown 
matter, showing that some minute animal had been 
captured aud had decayed, and the arms here included 
a very few more or less spherical and aggregal 
masses ; the processes in other parts of the bladdi 
being empty and transparent. On the other band, 
must be stalled that in three bladdera containing di 
crustaceans, the processes were likewise empty. Tl 
fact may be accounted for by the animals not havi 
been sufficifutlv decayed, or liy time cno 
having been allowed for the gcueralion of prol 
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plasm, or by iU siibsequciit abst)r])tion and transfeienee 
to other parts of the pltuit. It will hfrraftcr bo m-eii 
that in three or four other sjiwieB of Utrioularia the 
quaclrifid processes in contact with decaying animals 
likewise contained aggregated mfisaes of protoplasm. 

On tJte Ahmrptioii of certain Fluids hy the Quudriful 
and Bifid Process^. — These experiments were tried to 
ascert4iin whether certain tluids, which seemed adapteil 
for the purpose, would produco the same eflecta on 
the processes as the absorption of decayed animal 
matter. Such esperiments ai-e, however, tronblesonie ; 
tor it is not siirtieient merely to place a branch in 
the tinid, aa the valve shuts so closely that the fluid 
apparently does not enter soon, if at all. Even nhen 
bristles were pushed into the oriliees, they were iu 
several cases wrapped so closely round by the thin 
flexible edge of the valve that the fluid was appa- 
rently exeladed ; so that the exjieriments tried in this 
manner are doubtful and not worth giving. The best 
platt would have been to puncture the bladders, but 
I did not think of this till too late, excepting in a few 
cases. In till such trials, however, it eaimot be ascer- 
tained positively that the bladder, though translucent, 
does not contain some minute animal in the last stage 
of decay. Therefore most of my experiments were 
mode by cutting bladders longitudinally into two ; the 
qnadrifids were examined with No. 8 of Ilartnack, 
then irrigated, whilst under the covering glass, with 

I a few drops of the fluid under trial, kept in a damp 
chamber, and re-examined after stated intervals ol' 
time with the same |K>\ver as before, 
I 
: 



I 



Four bliiiiflors were first triid as n coiitml expcrinienl: in 
• jiiBt d'^spriWl, in a Bolulioii of one ijnrt nf glim 
Arabic to 2IB of wnIrT, nncj two Jilndders in q solution of one 
pftrt of sugar lo 437 of nalur; ami in ueither cast 
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Ehange perceptible in the qnadriflds or bifida after 21 t 
Four blnddere were then treated in the same manner with a 
solution of one part of nitrate of ammonia to 437 of water, and 
if-eMnmined after 21 hrs. In two of Oiese the qandriflils now 
apijenred full of very finely gmunlar matter, and their proto-J 
pliwmic lining or primonlial utriole was a IKtio Hhrunk. 
tliird bladder, tlie quadntide included distinctly -visible granula 
and the primordial utricle was a little shmnk afier onl; 8 htfl 
In tile fourth bladder the primordial utricle in most of tbf 
processes waa here and there thickened into little, irregulor, . 
yellowish specks; and &oni the gradations which could ho ' 
traced in thia and other casee, these specks appear to give ii» 
to the larger free gmnules containi'd within some of the pro- 
ueRses. Other bladder!), which, as far as conld bo judged, had 
never caught any prey, wore punctured and loft in the same 
solution for 17 hrs. ; and their quadrilida now contained yerj.m 
fine granular matter. 

A bladder waa bisected, examined, and irrigated i 
solution of one part of carbonate of ammonia to 437 of w»ttf. 
After 8 hrs. SOm. the quadrifida contained a good many granntea," 
and the primordial utricle woe somewhat shrunk : after 23 hro. 
the qnodrifids and biRds contained many epheres of hyaline 
matter, and in one arm twenty-four such s{ihcrea of moderate 
siM were counted. Two bisected binddors, which had been 
previously left for 31 hrs. in the solution of gum (one part to 
21tJ of water) without being affected, were irrigated with the 
solution of carbonate of ammonia ; nnil both had their quadrifids 
modilicd in nearly the some uiaimcr as just described,— one 
after only 9 hrs., and the other after 34 hrs. Two hladdera 
which appeared never to have caught any prey were punoturcii 
and pineed in the solution ; the quadrilld!i of one were exunined 
after 17 hrs., and found slightly opaque; the quadrifids of the 
other, examined after 45 hra., had their primordial utriclea mors J 
or less shrunk with thickened yellonish specks, like those das J 
to the a'jtion of nitrate of ammonia. Severitl uninjured bloddett J 
were h-ft in the same solution, as well as n weaker soluliog; 
of one part to 1750 of water, or 1 gr. to 4 oz.; and after twvj 
days the quadrifida were more or less opaque, with their c 
iunta fini-ly granular ; but wlicther the solution had entered b^ 
llji< oritico, or had b(M;n absorbed from the outside, I know not ' 

Two bisedc'd liladdLTS were irrigated with a Bolution of M 
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I to 2IH of water; bat when this Bolntion n 
r.)r[.'ot tlmt it had been k<pt for some days in i 
I had Ihorolbii: pr'ibiibly gi^ucrated nminonia; Biiihl 
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the qnodrifids were affeetod after 21 hre. as if a solulion of cai^ 
botiatd of ammonja had been need ; for tho primordial ntiJcle 
was thickened iii specks, wliich eecmed to graduate into Eeparale 
granules. Three bisected bladders were also irrigsleJ with a 
fresh solution of urea of tho same strength ; their qua/lritids 
after "21 hrs. waro much less affected thai) in tho former case ; 
nevertheless, the primordial utriclo in some of the arms wus 
a little shrunk, and in others was divided into two almost 
a;mnietfical sacks. 

Three bisected bladders, after being examineil, were irrigated 
with a putrid and very offensife infusion of raw meat. After 
28 hrs. the qnadriilds and bifidH in all three specimens abounded 
with minute, hyaline, spherical maasos; and soma of their 
jirimiirdial utricles were a little shrunk. Three bisected blad- 
dL-ra «ere also irrigated with a fresh infusion of raw meat; and 
to my surprise the quadriHda in one of them appeared, after 
'2H hrs., finoly granular, with their primordial utricles somewhat 
shrunk and marked with thickened yellowiBh speeis ; so that 
they had been acted on in the same manner as by the putrid 
infusion or by the salts of ammonia. In the soeond bladder 
some of the qoadriflilfl were similarly acted on, though to a 
wry alight degree; whilst the third bladder was not at all 

From these experiments it is clear that the qiia<U 
rilid and bifid pruceaaes have the power of aliwirbiii)^ 
carbonate and nitrate of ammonia, and matter of 
some kind &om a putrid infusion of mmt. Suits of 
ammonia were selected lor trial, as they are known 
to be rapidly generated by the deoiy of animal 
matter in the presence of air and water, and would 
therefore be generated within the bladders contatii- 
; captured prey. The effect produced on the j)ro- 
ises by these salts and by a putriil infusion of raw 
meat difi'ers from that prodnced by the decay of the 
naturally captured animals only in the aggregated 
masses of protoplasm l>eing in the latter ease of larger 
size; but it is probable that the fine granules and 
small hyaline spheres prtjduced by tho solutions would 
coalesce into larger masses, with lime enough alloi 
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We have seen with Drosera that the first effect of a J 
weak solutiou of enrbonate of aitimonm un the cell- I 
contents is the jiroduction of the finest grannies, which J 
afterwards aggregate into larger, more or less rounded^ J 
masses ; and that the grannies in the layer of protopitu 
which flows round the wails ultimately coalescie with I 
these masses. Changes of this nature are, however, , 
far mure rapid in Itrosera than in Utrieularia. Sinca ] 
the blfidders have no power of digesting albumen, 
cartilage, or roast meat, I was surprised that matter I 
was absorbed, at least in one case, from a fresh infusiuo J 
of raw meat. I was also surprised, from what we shall J 
presently see with respect to the glands round tha 1 
orifice, that a fresh solution of urea produced ualy a ] 
moderate effect on the quadrifida. 

As the quadrifiJs are developed from papilla: which I 
at first closely resemble those on the outside of the ] 
bladders and on the surfaces of the leaves, I may hera 1 
state that the two hemispherical cells with which these I 
latter papillie are crowned, and which in their natural f 
state are perfectly transpjvrcnt, likewise absorb ear- 1 
bonat« and nitrate of ammonia ; for, after an inimersiua J 
of 23 hrs. in solutions of one j>art of both these saltS' j 
to 437 of wafer, their primordial utricles were a littlal 
shrunk and of a pale brown tint, and sometimes finely ] 
granular. The same result ibllowed from the immersion I 
of a whole branch for nearly three days in a solution I 
of one [lart of the carlwnate to 1750 of water. The ] 
grains of chlorophyll, alsti, in the cells of the loivea 1 
on this branch became in many pla^^es aggregated ] 
into little green masses, which were often connected \ 
together by the finest threads, 

On ilie Ahsorjitioit of certain Fluids hj the Qlandt on I 
the V.>h-e and Co«ar.— The glands rouiul the orifices ol ] 
bladders which are still young, or which have been ] 
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long kept in moderately pure water, are coIourle-SB j 
and their primordial utricles are only slightly or 
hardly at all granular- But in the greater number of 
plants in a state of nature — and we must remember 
that they generally grow in very foul water — and 
with plants liept in an aquarium in fonl water, most 
of the glands were of a pale brownish tint ; their prini- 
onliul iitricles were more or less shrunk, sometimes 
niptured, with their contents often enarsely grauidar 
or aggregated into little masses. That this state of 
the glands is due to their having absorbed matter from 
the surrounding water, I cannot doubt ; for, as we shall 
immediately see, nearly the same results follow from 
their immersion for a few hours in various solutions. 
Nor b it probable that this absorption is useless, 
seeing that it is almost uuiveraal with plants growing 
in a state of nature, excepting when the water is ro 
markably pure. 

The pedicels of the glands which are situated close 
to the slit-like orifice, both those on the valve and on 
the collar, are short ; whereas the pedicels of the more 
distant glands are much elongated aud project inwarda 
The glands are thus well placed so to be washed by 
any fluid coming out of the bladder through the 
orifice. The valve fits bo elosely, judging from the 
result of immersing uninjured bhidders in various 
solutions, that it is doubtful whether any putrid Huid 
habitually passes outwards. But we must remember 
that a bladder generally captures several animals ; and 
that each time a tresh auiiual enters, a puff of foul 
water must pass out ami bathe the glands. Moreover, 
I have reiMjatodly found that, by gently pressing blwl- 
ders which contained air, minute bubbles were driven 
out through the orifice; and if a bladder is laid ou 
clotting paper and grutly prcsst-d, water ihjzcs ouL 
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111 this I&tter case, as soon as the pressure is relaxed, air 
is drawn in, and the bladiier recovers its proper form. 
If it is now placed under water and again gently I 
pressed, minute buliblea issue from the orifice anj ] 
nonherc else, showing thut the walls of the bladder j 
have not been ruptured. I mention this because Cohu J 
quotes a statement by Treviranus, that air cannot bt* I 
forced out of a bladder without rupturing it. We maj ' 
therefore concltidii that whenever air is secreted within ' 
a bltidiler already full of wat«r, some water will be I 
slowly driven out through the orifice. Hence I can ' 
hardly doubt that the numerous glands crowded round J 
the orifice are adapted to absorb matter from tile ] 
putrid water, which will occasionally escape &01& 1 
bladders including decayed animals. 

In order to test tliis conclu-ion, I esperimented wiili varioiu 
solutions on the glands. Ab in the case of the qundrilids, ralta 
of ammonia weii^ tried, since those are generated by the final 
dec&7 of animal matter under water. Unfortunately the glands 
cannot be carefully oxaniinod whilst atlached to the bladders 
in their entire stale. Tlieir summite, therefore, inaludinjt the 
valve, ooUar, and antenna), were sliced off, and the conditim 
of the glsnds obserred ; tliey were then irrigated, whilst beneath 
a covering glass, with the Eolations, aud after a time n>ex- 
amintd with the same power as before, namely No. 8 of Hart- 
nack. The following eiperiments were thus made. 

As a control experiment solutions of gne part of white sugu 
and of one part of gnni to 218 of water were first used, to see 
whether these produced any change in the glands. It was 
also necessor; to observe whetiter the glands were affected by 
the euramita of the bladders having been c;ut off. The Bummitji 
of four were thus tried ; one being exnniinud after 2 lirs. 80 nu, 
niid the other three afttir 2^ hra. ; but there was no marked 
change in the glands of any iifthem. 

Two summite liearing quite colonrleBs gl.tn<ls were irri(.-alfld 
with a solution of carbonate of itmmouia of llio sanio atrcuglh 
(vin. one part to 218 of water), and in 5 in. tlie [irimordial 
utricles of ninet of the glands were somowhal contmctodi they 
wcra also thickened in s^iecks or patches, and had assumed a pale 
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brovn tint. When looked at a(;nin afli/r 1 hr, 30 m., most of 
them prescDted a somewliAt diflcrcut ap|K«i')iiico A third 
Gpeoinicin was treated with a wcuker solutiun of one pnrt of llie 
earlioMatu to 437 of water, and after 1 lir. the glunds were pntc 
briiwn and contained nnmerous grannlea. 

Four Biimmit* were irrig»ted with a solution of onn part of 
nitrate of ammonia to 437 of wi(t«r. One was examined after 
15 m„ aud the glands aec-med affected ; after 1 hr 10 m, thera 
was a greater change, and the primordial utricles in most of 
them nerw somuwhat shrunk, and included many gnwutcg. 
In the eecond specimen, the primordial ntricles were cooBider- 
ably shrunk and browniah after 2 Itra. Similar effects were 
observed in the two other BpccimcnB, but thcEe were not ex- 
amined until 21 hrs. had elapscil. The nuclei of man; of 
the glands apparently had iaereased in size. Five bladders 
on a brunch, which had been kept for a lon^ time in moiie- 
rately pure water, wore cut off and examined, and their glamls 
foimd very Uttle modified. The remainder of this branch was 
plHeed in the solution of the nitrate, ami after 21 hin. two blad- 
ders were examined, and nil tlieir glands were brownish, with 
their primordial utricles somewhat shrunk and finely gnnnlar. 

The summit of another bladder, the glands of which were in a 
beautifully clear condition, wag irrigated with a few drops of 
a mixed solution of nitrate and pluwphate of ammonia, each 
of one part to 437 of water. After 3 hrs. some few of the 
glands were browuish. After 8 hrs. almost all the oblong glanda 
were brown and much more opaque than they were before; 
their primordial ntricles were somewhat shrunk and contained a 
little aggregated granular matter. Tlic apherical glands were 
still white, but their utriclce were broken np into three or 
four small hyaline spherpH, with an irregularly contracted maas 
in the middle of the basnl pnrt, These smaller spheres changed 
their formb in the course of a few hours, and some of them 
disappeared. By the next morning, after 23 hrs. 30 m., tliey 
liad all disappeared, and the glands were brown ; their atrinli« 
now formed a globular shrunken mass in the middla The 
utricles of the oblong glands had shrunk very little, but 
their contents were somewhat s^^ijegated. Lastly, the 
of a blftilder which had lieen previously irrigated for 21 hrs. 
with a folution of one part of sugar to 218 of water without 
Iwing affected, was treated with the above mixed solution; and 
after 8 hrs. 30 m. all the glands liecame brown, with their 
primordial utricles slightly Hhruali. 

Four summits were irrigated with a putrid infusion of raw 
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tntat. Nq chunge in the glnruls wiut nlisprvuble for some houra, 
but after 24 hre. moat of tVieiii liai become browniBh, and mow I 
opaque nnd granuUr than tliey were before. In thpw speci- j 
mens, as in those irrignlcd with the Baits of ammonia, 
nnelei eeemed to havo incrcaseil Ixith in aize and Boljdity, but I 
they were not nneosarod. Five fiummita were ako irrigated I 
with a fresh infusion of raw meat; three of theno were not At J 
all affected ia 24 hrs., but thu glands of the other two b 
pertiapB become more grannlar. One of the 8pecimeiis which, il 
was not affocted was then im'Rated with the mixed mlation of ij 
tlie nitrate and phosphate of atninoitia, and after only 25 m. , 
the glands contained from fonr or five to a doKen pimnnloii. 
After nix additional hours their primordial utricles were greatly ] 
shrunk. ] 

The summit of a bladder was oiniDined, and all tho glands J 
found colourless, witli tliEiir primordial ntrieles not at kll J 
Bbrank; yet many of the oblonp i^lunds contained grannies jiiat J 
resolvable with No. 8 of llartnack. It was then irrigated with 4 
a few drops of a solution of one part of urea to 21B of water. 
After 2 hrs. 25 m. the spherical glands were slill colourless; 
whilst the oblong and two-armed ones were of a browm'sli tint, 
and their primordial utricles much shrunk, some containing 
distinctly visible granules. After 9 hrs. some of the siiherinal 
glands were brownish, and the oblong glands were still mora 
changed, but they contained fewer ncparate granules; Ihoir J 
nnclei, on the other hand, appeared loiter, as if they had ' 
aI)sorbed the granules. After 23 hrs. oil the glands wrro 
brown, their primordial utricles greatly shrunk, and in many 
coses nipturcd. 

A bladder was now experimented on, which was already 
iome what affected by the surrounding water; for the spherical 
glands, thongh oolourless, had their primordial atricles slightly 
shi'unk; and the oblong glands were brownish, with their 
utricles much, but irregularly, shrunk. Ihe snminit wu < 
treitted with the solution of urea, but was little affected by it in 
11 hra. ; neverthelces, after 23 hrs. the spherical glands were 
brown, with their utricles more Hlimnk; several of the Other 
glands were still browner, with their utricles contracted into 
irregular little masses. 

Two other summits, with their glanils colourless and their 
utricles not shrnnk, were trentoi with the samo solution of 
nrcn. After 5 hrs. many of the glands (ireKcuted a shade of 
brown, with their ulritlea siighlly shrunk. After 20 iirs, 
iO m. some few of thum were quite brown, and coiilainod 
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irrogalarlf Aggregated siokhcs; others wcro still rolonrlcea, 
though their utricles were shrunk ; but the greater number 
were not much afiiiGt^d, This was n firood inRtanco of how 
uuuqaatl; thu glftiidti on thb Kume liliuidcr itru eometiDies 
afffeted, as likewise often occura witli jdanlB growing in fon] 
wtit«r. Two otlier Bummlts wck treated with a solution wliii.-li 
had Iwcn kept during scTeral da^x in a wurni rourn, and tliuir 
glands were not at all affecUd whnn eianiini>d after 21 hrs 

A weaksr solution of one pari of urea to 43!7 of vrat«r waa Dext 
tried oneiXHummit4,all carefully examined before t«ingirrigiil«il. 
The first vtnn rc-examiited after 8 hnt. 30 m., and the glands, 
incluiting the sgihorical ones, were brown; many of the ohlong 
glands having Uieir primordial utricles much slirank and in- 
eludint; granules. The second summit, before being irrigated, 
bad been somewhat affected hj the surrounding water, for Um 
spherical glands were not ([uile nnirorm in nppearance; and a 
few o[ the oblong ones were brown, with their utricles shrunk. 
Of the oblong glands, those which were before colourless, lie- 
came brown in 3 bra. 12 m. after irrigation, with their utrickm 
slightly ahmnk. The spherical glands did not beeomo lirown, 
but their contents seemed changed in appearance, and nftur 
39 hrs. still more changed and gmnular. Most of the oblong 
glondii were now dark browii, but their utricles were not 
f!Teally sliriink. The four other specimens were exanuned after 
3 hrs. 30 m , after 4 hrs., and 9 hrs. ; a brief account of their 
condition will lie sufficient. The spherical glands were not 
brown, but some of them were finely gi-anulor. Many of the 
oblung glands were brown ; and these, as well as others which 
still remained coloiirless, had their utricles more or less shrunk, 
•ome of them including small aggregated masses uf matter. 

Summary of the Observations on Ah»orpiioH.~¥Ttim 
the faots niiw given there can be no doubt that the 
variously shaped glaiids on the valve and round tlio 
cciUax have the power of absorbing matter from weak 
solutions of certain salts of ammonia and urea, tvnO 
from a putrid infusion of raw meat. Prof. Cohn 
believes that they secrete slimy matter; but I was 
not able to perceive any trace of such action, ex- 
cepting that, after immersion in alcohol, extremely 
fine lines could sometimes be seen nkdiating from theif 
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surfaces. The glands are variously affected by &ht 
tion ; they often become of a brown colour ; sometimol 
they contain very fine granules, or moilerately siz 
grains, or irregularly aggregated little masses; somefl 
times tlie nuclei appear to have increased in size ; tbufl 
primordial utricles are generally more or less shm 
and sometimes ruptored. Exactly the same changi 
may be observed in the glauds of plants growii] 
iind flourishing in foul water. The spherical glandl 
are generally affected rather differently from thi 
oblong and two-armed ones. The former do not i 
commonly become hrown, and are acted on mor^ 
slowly, \^'e may therefore infer that they differ some- 
what in their natural functions. 

It is remarkable how unequally the glands on thn 
bladders on the same branch, and even the glandj 
of the same kind on the same bladder, are afi'ected hyM 
the foul water in which the plants have grown, and ^fjW 
the solutions which were employed. In the formei 
cose I presume that this is due either to little currents 
bringing matter to some glands and not to others, o 
to unknown differences in their constitution. When^ 
the glauds on the same bladder are differently affectedl 
by a solution, we may suspect that some of them'I 
had previously absorbed a small amount of matt^.l 
from the water. However this may be, we haroS 
seen that the glands on the same loAf of Drosera a 
sometimes very imeqnally affected, more especiallfjl 
when exposed to certain vapours. 

If glands which have already liecome brown, witt 
their primordial utricles shrunk, ore irrigi 
one of the eft'ective solutions, they are not acted t 
or only slightly and slowly. If, however, a glan^ 
contains merely a few coarse granuli-s, this do^ not 
prevent a solution from acting. I have never aem 
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uiy appearance making it proUtMe that glands which 
have been strongly affected by ab§orbing matter of 
any kind are capiible of recovering their pristine, 
colourless, and homogeneous coudition, and of regain- 
ing the power of absorbing. 

From the nature of the solutions which were tried, 
I presume that nitrogon is absorbed by the glands; 
but the modilieii, brownish, more or less shrunk, and 
aggregated contents of the oblong glands were never 
Been by me or by my son f<i undergo those siwn- 
taneouB changes of form characteristic of protoplasui, 
On the other band, the contents of the larger 
spherical glands often separated into small hyaline 
globules or irregularly shaped masses, which changed 
their forms very slowly and ultimately coalesced, 
forming a central shrunken mass. Whatever may be 
the nature of the (ronteuts of the several kinds of 
glands, afttr they have been acted on by foul water 
or by one of the nitrogenous solutions, it is probable 
tliat the matter thus generated is of 8t>rvice to the 
plant, and is ultimately transferrer! to other parts. 

The glands apparently absorb more quickly than do 
the quadrilid and bifid processes; and on the view 
above maintained, namely that they absorb matter 
from putrid water occasionally emitted from the 
blad 1 -r , they ought to act more quickly than the 
processes ; as these latter remain in permanent con- 
tact with captured and decaying animals, 

Finally, the conclnsion to which we are led by 
the foregoing experiments and observations la that 
the bladders have no power of digesting animal 
matter, (hough it Hp[>car^ that the quadrifids are 
somewhat uH'ectcd by a fresh infusion of raw meat. 
It is certain that the processes within the bladders, 
and the ghinda niilside. absorb matter from aatts of 
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ammuiiiiL, from a putrid infusioD of mw meitt, and &t>in 
urea. The glands apparently are acted ou more 
strongly by a solution of urea, aud less strongly by 
an infusion of raw meat, than are the processes. Tlu ~ 
case of urea is particularly interesting, because ^ 
have seen that it produces no eflect on Drosera, t' 
leaves of which are adapted to digest fresh t 
matter. But the most important fact of all is, 1 
in the present and following species the quadrifi 
and bifid processes of bladders containing decayec 
animals generally include little masses of spontanej 
ously moving protoplasm ; whilst such i 
never seen in perfectly clean bladders. 

Development of the Bladders. — My son and I apt 
much lime over this subject with small success. Om 
observations i^pply to the present species and to THH 
eularia vulgaris, but were made chiefly on the latter, i 
the bladders are twice as large as those of Utrievlarim 
neglecta. In the early part of autumn the stems t 
minate in large buds, which fall oft' and lie dora 
during the winter at the bottom. The young leavcj 
forming these buds bear bladders in various stages o 
early development. When the bladders of Utricvlaf 
tmlgaria are about -,-5-0 i^cb ('254 mm.) in diamete 
(or -j-J^j iu the case of Vtricularia neghcta), they a 
circular in outline, with a narrow, almost closed, traiu 
verse orifice, leading into a hollow filled with wnte 
but the bladders are hollow when much under -r 
an inch in diameter. The orifices face inwards 1 
towards the axis of the plant. At this early age t 
bladders are flattened in the plane in which the orifiot 
lies, and therefore at right angles to that of 1 
mature bladders. They are covered exteriorly wiii 
popillie of different sizes, many of which have 1 
elliptical outline. A bundle of vesgels, formed 
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simple eluugatcd cells, runs up the sliurt footetalk. 
and divides at the base of the bladder. One branch 
extemls up the middle of the dorsal surface, and 
the other up the middle of the ventral surface. In 
full-grown bladders the ventral bundle divides close 
beneath the collar, and the two branches niu on each 
side to near where the comers of the valve unite with 
the collar ; but these branches could not be seen in 
very young bladders. 

The accompanying figure (fig. 23) shows a section, 
which happene<l to be strictly medial, through the foot^ 
stalk and between the noacent antennas of a bladder 
of Vtrieularia vvlgaria, -ji-g inch 
in diameter. The specimen was 
soft, and the young valve be- 
came separated from the collar i 
to a greater degree than ia i 
natural, and is thus represented. 
We here clearly see that the 
valve and collar are infolded 
prolongations of the walls of the 
bladder. Even at this early 
age, glands could be detected 
on the valve. The state of the 
quadrifid processes will presently 
be described. The antennse at this 
{Miriod consist of minute cellular projections (not shown 
in the above figure, as they do not lie in the medial 
plane), which soon bear iniapient bristles. In five 
instani-es the young anteima^ were not of quite equal 
length ; and this fact is intelligible if I am right in 
believing that they represent two divisions of the 
leaf, rising from the end of the bladder; for, with 
the true leaves, whilst very young, the divisions are 
never, us far as I have seen, strictly opposite; the; 
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must therefore be dfiveloped one after tlie other, 
BO it would be with tiie two antenna. 

At a much earlier nge, when the half foi 
bladders are only -j-',-^ iiiL'h ('0846 uiin.) in diameter 
or a little moi-e, they present a totally different ap- 
pearance. One is represented on the left aide of tke 
ftccompaLying drawing (fig. 24). The young leavi 



„M 




intTiciaariamagarli.) 



at this age have broad flattened segments, with thea 
future dirisious represented by prominencea, one 
which is fihoB-n on the right side. Now, in a lai 
number of specimens examined by my son, the young 
bladders appeared as if formed by the oblique folding 
over of the apex and of one margin with a prominenre, 
iigainst the opposite margin. The circular holloi 
between the infolded apex and infolded prom: 
apparently contracts into the narrow orifice, whe 
the valve and collar will he developed ; the bladi 
itself being formed by the confluence of the op] 
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margins of the rest of the leaf. But strong objections 
may be urged against this vic-w, for we must in this 
caso supptise tbat the valve and collar are developed 
asymmetrically from the sides of the apex and pro- 
minenee. Moreover, the bundles of vascular tissue 
have to be formed in lines quite irrespective of the 
original form of the leaf. Until gradations can be 
shown to exist between this the earliest state and a 
young yet perfect bladder, the case must be left 
doubtful. 

As the qnadrifid and bifid processes offer one of the 
greatest peculiarities in the genus, I carefully observed 
their development in Utrmilaria neglecta. In bladders 
about -p^ of an inch in diameter, the inner surface 
is studded with papillie, rising from small cells at the 
junctions of the larger ones. These papilloH consist of 
a delicate conical protuberance, which narrows into 
a very short footstalk, surmounted by two minute 
cells. They thns occupy the same relative position, 
and closely resemble, except in being smaller and 
rather more prominent, the papillEC on the outside of 
the bladders, and on the surfaces of the leaves. The 
two terminal cells of the papilla; first become much 
elongated in a line parallel to the inner surface of the 
bladder. Kext, each is divided by a longitudinal 
partition. Soon the two half-cells thus formed sepa- 
rate from one another ; and we now have four cells or 
an incipient quadrifid process. As there is not space 
for the two new cells to increase in breadth in their 
original plane, the one slides partly under the other. 
Their manner of growth now i;hanges, and their outer 
sides, instead of their apices, continue to grow. The 
two lower cells, which have slid partly beneath the two 
upper ones, form the longer and more upright pair of 
processes ; whilst the two upper cells form the shorter 
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and more horizontal pair; the four together forming' 1 
h. perfect qitadrifid. A trace of the primary divisioQ I 
between the two cells on the aummita of the papillae culI 
still be seen between the bases of the longer processes, f 
The development of the qtiadriiida is very liable tol 
be arrested. I have seen a bladder -^ of an inch I 
in length including only primordial papillre ; and I 
another bladder, ab<jut half its full size, irith the I 
quadrifids in an early stage of development. 

As far as I could make out, the bifid processes are 
developed in the same manner aa the quadrifids, 
excepting that the two primary terminal cells n* 
become divided, and only increase in length. The J 
glanda on the valve and (collar appear at so curly aa. I 
age that I could not trace their development; bat'4 
we may reasonably suspect that they are developed ] 
from papilliB like those on the outside of the bladder, . 
bnt with their terminal cells not divided into two. j 
The two segments forming the jredicels of the glands ! 
probably answer to the conical protuberance and short 1 
footsf-alk of the quadrifid and bifid processes. I am ' 
strengthened in the belief that the glands are de« I 
veloped from papillae like those on the outside of the \ 
bladders, from the fact that in Vtricvlaria amethi/aiifia i 
the glands extend along the whole ventral surface , 
of the bladder close to the footstalk. 



UxniCULAEIA VDLQAHIS. 

Living plnnts from Yorkshire were eeni mo by Dr. Booker. , 
Tliia B[>e<.'ies differs from the laat in tho stems and leaves being ^ 
thicker or courser; their divisions form a more acute angle i 
with one another ; the notches on the leaves hear three or J 
fonr short bristles instead of one ; and the bladders are twieo J 
as large, or about ^ of an inch (o'OU mm.) in diameter, 
all essential respects the blEidden) resemble those of I'l' tc'larii | 
tieylecla, but the sioes of the peristome are perhaps a little n 
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proniinont, and always lienr. as far aa 1 have Been, seTon of 
eight long multicellular bristloit. There am eleven lung bristles 
on oftoh BTitonnn, tho terminal pair Iteing includeil. Five 
bliulders, cuiitaJoiDg pro; of some kind, were examined. The 
first incladtd five Cypris, a large copepod and a Diaptomui; 
the second, four Cyphe; the third, & eingle rather large crus- 
tacean ; the fourth, six cmBtaceunB ; and the fifth, ten. Hy 
son examined the quodridd processes in a bladder contoi'siuR 
the remains of two cruataccauii, and found Boiue of them full of 
Rphcrical or irrcfrulnrly F.hapoil masRes of matter, which were 
observed to move and to coalesce. These rousaea therefore c>ti- 
sisttd of proloplasm. 

Utricclaria minor. 

Thifl rare epeciee was sent me in a living state from Cheehiro, 
through the kindnesa of Mr. John Price, The leaves and 
bladders are much smaller tlian those of I't'Kaluriti neglrcta. 
Tho leaves bear fewer and shorter bristles, and the bladders are 
more globular. The antenniB, instead of projecting in front 
of the bladders, are curled under the valve, and are armed willi 
twelve or fourteen extremely long 
mulUnillular bristles, generally 
arrwiged in pairs. These, with 
seven or eight long brtHtles on 
both aidca of the peristomo, form 
a sort of net over the valve, which 
would tend to prevent all ani- 
mals, excepting very small ones, 
entering the bladder. The vftlve 
and collar have the some exsenlial 
structure aa in the two previous 
apecies ; but the glands e 
(juite BO numerous; the oblong 

ones are rather more elongated, whilst the two-amied ones aru 
rather less elongated. The four bristles which project obliiiucly 
from the lower edge of the valve are short. Thi^ir Bhortntw, 
compared with those on the valves of the foregoing species, is 
intelligible if my view is correct that they serve to proviut 
too large animals Ibrcing an enlranL-e through the valve, thus 
injuring it; for tlie vulvo ia already protected to a ceriain 
extent by the incnrvud ank'nnie, together with the Isleral 
bristles. Tho bifid processeK are like those in the previous 
■peciue; but the quadriUds differ in the four arma (fig. %,) 
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l<eicg directod to the saniesidc; the two louger ones being 
central, and the two shorter ones on tite outside. 

The plants were collected in the middle of July, and the 
contents of five bladders, which from their oporiity seemed full 
of prey, were examined. The Rrst contained no leas thut f 
t»(mt;-four minute fresh-water crvistaceans, most of them con- 
BiBling of empty shellH, or imiludiug onlj a few drops of red oily 1 
matter; the second contained twenty; the third, fifleen; tlu J 
feiirth, ten, some of them being rather larger than usnal ; and ] 
the firth, which scomcd stuffed quite full, conteJaod only Berea, 1 
hut five of these were of uuuBually large size. The prey, 
therefore, judging from these five bladders, consists exclusivelj i 
of fresh-wftter crustaceans, most of which appeared to be distinrt I 
species friim those found in the bladders of the two formes I 
species. In one bladder the quadriflda in contact with a decay-* I 
ing mass contained numerous spheres of granular matter, 
which slowly changed their forms and positions. 

Utbicularia OLANDERTINA. 

This North American species, which is aquatic lilce the threa I 

foregoing ones, has lieen de8cril>ed by Mrs. Treat, of New Jers^, I 

whose excellent obserrntiona have already been largely quoted.. -J 

I have not as yet seen any full description by lierof thestructun 1 

of the bladder, but it appears to be lined with qnadriflil I 

processes. A vast number of captured animals were foaud J 

^— within the bladders ; some being crustaceans, but the greota T 

^L number delicate, elongated larvn, I suppose of CnUcidte. On | 

^M some stems, " fully nine out of every ten bladders contained I 

^H these Inrvte or their remains." The larvn " showed signs of lifb ,| 

^B frnni twouty-four to thirty-six hours after being i 

^H and then perished. 
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CHAPTER XVIII. 

Utiitovuria (fltmlinHed). 

toaluna — Dewriptiao of tho bladden on the sltbtei- 
raneuD rhiiwneii — Prey oaptuiol by the bl&ddcni of plnDta unilor 
culture »□>! hi a, utiito n( iinture — Absarption by the quutlriSd pro- 
ouatei and glands — Tubers sorriDg oa refinivoira fnr witter — 
VurioDi other species of Utrioulsriu — Polypotaphalyx — OtinliNea, 
difftirent nature of the trap for CRpturing proy- — Divoraified 
metliods by trhioli plants are noiulah«d. 

Utricularia MONTANA, — TLis Species inhabits the 
tropical parts of South America, and is said to be 
epiphytic; but, judging from the state of the roots 
(rhizomes) of some dried spe- 
cimens &om the herbarium 
at Kew, it likewise lives in 
earth, probably in crevices 
of rocks. In English hot- 
houses it is grown in peaty 
soil. Lady Dorothy Nevill 
was so kind as to give me 
a fine pliint, and I received 
another from Dr. Hooker. 
The leaves are entire, instead 
of being much divided, as 
in the foregoing aquatic f,o. ig, 

species. They are elongated, {mriaUaTiammiafa.y 

about U inch in breadth, b^^!STJ.X''Sjn«,.'w^?^ j"^;, 
and furnished with a dis- """"'''"■ 
tinct footstalk. The plant produces numerous colour- 
less rhi/Aimes, as thin as threads, which bear minute 
bladders, and occasionally swell into tubers, as will 
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hereafter be deacribed. These rhizomes appear i 
actly like roots, but occasionally throw up 
shoots. They penetrate the earth aometimes to tba 
depth of more than 2 inches ; but when the planfj 
frruwa aa &a epiphyte, they must creep amidst tlw 
mosses, roots, decuyed bark, &c., with which the treeffa 
of these countries are thickly cohered. ' 

As the bladders are attached to the rhizomes, they'J 
are necessarily subterranean. 1'liey are produced in. | 
extraordinary niimbers. One of my plants, though ^ 
young, must have borne several hundreds ; for a single J 
branch out of an entangled mass had thirty-two, and 
another branch, about 2 inches in length (but with its 
end and one side branch broken off), had seventy-three 
bladders.' The bladders are compressed and rounded, 
with the ventral surface, or that between the summit 
of the long delicate footstalk and valve, extremely 
short (iig. 27). They are colourless and almost us , 
transparent as glass, so that they appear smaller than j 
they really are, the largest being under the -jV of an I 
inch (1'27 mm.) in its longer diameter. They are I 
formed of rather large angular cells, at the junctions | 
of which oblong papillie project, corresponding with i 
those on the surfaces of the bladders of the previous i 
species. Similar papillee abound on the rhizomes, and j 
even on the entire leaves, but they are rather broader i 
on tlie latter. Vessels, marked with parallel ban i 
instead of by a spiral line, run up the footstalks, and I 



• Ptof. Oliver luu fignred a 
(iliiiil "f r'ri''-!i(rtri([ Jamemnioiia 
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clearly inilirate« that the blndileR 
mi llie rl.iionieaof the pre«int »lid 
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thus brODf^ht into accenluuui! With 
the blttddera attHohed tn tUe " 
Tided and flouting Icatw of 
aquatic specici. 
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jiiBt enter the bases of the bladders; but they do not 
bifurcate and extend up the dorsal and ventral siit- 
faijcs, as in thti previous species. 

The anteuDiB arc of moderate length, nnd taper to a 
fine point ; thc-y differ conspicuously from those before 
described, in not being armed with bristles. Their 
bases are so abruptly curved that their tips generally 
rest one on each side of the middle of the bladder, but 




itlmes near the margin. Their curved bases thus 
form a roof over the cavity in which the valve lies; 
but there is always left on each side a little circular 
passage into the cavity, aa may ije seen in the driiwintr. 
B8 well as a narrow passage Ijetween the basips of the 
two antennie. As the bladders ure subterranean, had 
it not been for the roof, the cavity in which the valve 
lies would have Inx-n liable to be hlocked upiiilh eailh 
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and rubbish ; so that the currature of the antenaae 1 
a serviceable character. There are no bristles on t! 
outside of the collar or peristome, as in the furegoiii 
species. 

The valve is small and steeply inclined, with ita f 
posterior edge abutting against a semicircular, deep! 
depending collar. It is moderately transparent, . 
bears two pairs of short stiff bristles, in the i 
position 03 in the other species. The presence of thei 
four bristles, in contrast with the absence of those c 
the anteuDEC aud collar, indicates tliat they are i 
functional importance, namely, as I believe, to prevfil 
too large animals forcing an entrance through 1 
valve. The many glantls of diverse shapes atta * 
to the valve and round the collar in the previoi 
species are here absent, with the exception of a 
a dozen of the two-armed or transversely elongatfl 
kind, which are seated near the borders of the valv4 
and are mounted on very short footstalks. The* 
glands are only the tAtt of ^^ ii<^'i {'019 mm.) i 
length ; though so small, they act as absorbent! 
The collar is thick, stiff, and almost semi-circular ; 
is formed of the same peculiar brownish tissue as . 
tlie former species. 

The bladders are filled with water, and sometim^i 
include bubbles of air. They bear internally ratli 
sliort, thick, quadrifid processes arranged in approxj 
mately concentric rows. The two pairs of arms (" 
which they are formed <liifer only a little in lengl 
and stand in a peculiar position (lig. 2S) ; the ti|g 
longer ones forming one line, and the two shorter o 
another parallel line. Each arm includes a 
spherical mass of brownish matter, which, 
crushed, breaks into angular pieces, I have no d 
Ihst these spheres are nuclei, for closely similar a 
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uro prosuut iu the cella furmiiig the walls of the 
hituldcrs. Biliti processes, haviuj^ rather short oval 
arms, arise iii the nsiial position on the inner side uf 
the collar. 

These bkddors, therefore, resemble iu all essential 
respects the larger ones of the foregoing species. 
They differ chiefly in the absence of the numerous 
glands on the valve and round the collar, & few minute 
ones of one kind alone being present on the valve. 
They differ more conspicuously in the absence of the 
long bristles on the antennn; and on the outside of 
the collar. The presence of these bristles in the pre- 
vioasly inentione<l specita probably relates to the 
capture of aquatic animals. 



It seemed to me an interesting qut-stion whether 
the minute bladders of Vtricularia imntana served, as in 
the previous species, to capture animals living in the 
earth, or in the dejise vegetation covering the trees on 
which this species is epiphytic ; for in this case we 
ehotdd have a new sub-class of carnivorous plants, 
namely, aubtermncan foetlers. Many bladders, there- 
fore, were examined, with the following results : — 

(1) A amall bladder, lesH than ^ufaJi inch (-&I7 mm ) in dia- 
mebr, contained n minute matat of brown, much dMajed mutter ; 
and in this, a tarsuN with four or five joints, tontiinating ra s, 
doable hook, was clearly dtRtinguiehed under the microscupu. 
I pusiMsct that it was n remufint of one of the ThyRanoura. The 
qoadrilids in contact with this decayed remnant contained either 
■mall m&Hsee uf translucent, yellowish matter, generally mort 
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nr [I'fis glolmlar, or fine gmuiiles. In distant parte of tbe snina 
Mnijilcr, till) proces!ies wora traDsparent vid quite empty, with 
tbe cxi'option of their solid nuclei. My son made at ehort 
iiiltrvalx of time sketches of oue of the ahove nggrcguled 
masses, and found thot they continually and completely cimnged 
their forme; Hometimea separating from one another and again 
coalescing. Evidently protoplasm had been generated by tbe 
absorjrtion of some eloraont fnmi the decaying animiil mnttur. _ 
(2j Another bladder included a still smaller speck of decayed J 
brown matter, and tho adjoining quadrifida (vmtained aggn^l 
gat«d matter, exactly as in the last case. M 

(3) A third Madder included a larger orgsniBm, which waf so 
much decayed that I could only make out that it was spinnse or 
hairy. The quadriflds in this case were not much affected, 
excepting that the nuclei in the several armtt differed much is 
size ; some of them containing two massea having a Giroilar i 
appearance. 

(4) A fourth bladder contained an articulate organism, f<U'J 
I distinctly saw the remnant of a limb, terminating in s hook. M 
The quodriflds were not examined. 

(5) A Hfth included much decayed matter apparently of somftfl 
animal, but with no recognisable feataros. The qtiodrifidB lifu 
contact contained numerous spheres of protoplast 

(6) Some few bladders on tho plant which I reeelTcd frain^ 
Eew were examined ; and in one, there was a 
animal very little decayed, with a distinct remnant of a similaji 1 
one greatly decayed. Several of the arms of the processes isti 
contact with these remains contained two spherical masses, likAi| 
llie single solid nucleus which is pri>per1y found in each a 
In another bladder there was a minute grain of quartz, 
ing me of two similar cases with Ulrimhria neijlfeUi. 

As it appeared proliable that this plant would capture i 
greater number of animals in its native country than undai 
culture, I obtained permission to remove small portions of tht 
rhizomes from dried specimens in the berbarinm nt Kev. I didll 
not at first Und ont that it was advisable to soak the rhizamflBlf 
for tn'o or throe days, and that it was necessary to open i 
bladders and spread out their contents on glass; as from f 
state of decay and from having boon dried and pressed, tl 
nature could not otherwise be well distinguished, 
bladders on a plant which had grown in black earth in Kn 
Qranada were tirst examined ; and four of these indnd 
Kninante of animals. Tho first contained it hairy Acama,'!! 
unch decayed that cuthing was left except itf tran^aront o 
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•Iro ft yellow ahilinotiH hcatl of eomc BTiimBt with aii interuat 
fork, til which the ixsupliiLgus was suspended, but I could »oo 
uu maadibles; also tlio double hoiik of the tnrsufl of some 
animal; also an elongntud gruiitly decayed animal; and loxtl)', 
a curious flosk-sbapeil orgHiiism, hoTiug the walla fonuul uf 
rounded cells. Profeesor Claus baa looked at this latter orgBuisro, 
nnd thinks that it is the shell of a rhJzopod, prolwbly ono of the 
Arcellide. In this bladder, as well as in soveral others, there 
were some uuicellular Algn, and one multicellular Alga, which 
no doubt had lived as intruders. 

A second bladder contained an Acnrns much lesa decayed 
than the former one, wiUi its eight legs preserved ; as well oh 
nmnonta of several other articulate animals. A third bladder 
oontftined the end of the abdomeu with the two hinder limba 
of au Acorus, as I believe. A fourth contained remnontB of a 
distiuctly articulated bristly animal, nud of sevt^ml otiier organ- 
i8mB, oawell an much dark brown organic matter, the nature 
of which could uot be made out. 

Some bladdeis from a plant, which bod lived as an epiphyte 
ill Trinidad, in the West Indies, were next examined, but not 
so carefully <ui the others; nor had they been soaked long 
enough. Four of tVieni contained much browu, tranelucent, 
giauular matter, apparently organic, bat with no distinguish- 
able ports. The quadriflds in two were brownish, with their 
oontCQts granular; and it was evident that they had absorbed 
matter. In a fifth bladder there was a flask-shaped organisn), 
like that above mentioned. A sixth contained a very long, 
much decayed, worm-shaped animal. Lastly, a seventh bladder 
contaisod an organism, but of what nature could not be dis- 
tingoished. 

Only one experiment was tried on the qnudrifid pro- 
cesses and glunds with reference to their power of 
absorption. A bladder was punctured uud lol't for 
24 hts. in a solution of one part of urea to 437 of 
water, and the qumlrifid and bitid processes were found 
much affected. In some arms there was only a siii^rk' 
I dymmetrical globular mass, larf^er than the proptT 
vucletiB. and consisting of yellowish matter, geneially 
traushicent but sometimes granulur; in others thi-ie 
re two masses of dilferent si^tes, one large and the 
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oliiur smull ; auJ in others tliere were irregularly 
shaped globules ; so that it appeared as if the liuipid 
Gonteiita of the processes, owing tc the altsorptioii of 
matter from the solution, had become aggregate 
sometimes round the nucleus, ami sometimes into sept 
ntte masses; and that these then tended to ooalea 
The primordial utricle or protoplasm lining the pro- 
eesaes wiis also thickeued here and there into irregular 
and variously shaped specks of yellowish transluceut 
matter, as occurred in the case of Ulrtcularia neglectit 
under similar treatment. Tliese specks apjiarently did 
not change their forms. 

The minute two-armed glands on the valve were 
also affected by the solution ; for they now contained 
several, sometimes as many as six or eight, almost 
spherical masses of translucent matter, tinged with 
yellow, which slowly changed their fonns and posi- 
tions. Such masses were never observed in these glands 
in their onlinary state. We may therefore infer that 
they serve for absnrption. AVbenever a tittle water is 
expelled from a bladder containing animal remains 
(by the means formerly specified, more especially by 
the generation of bubbles of air), it will (ill the cavity 
in which the valve lies; and thus the glands will be 
able to utilise decayed matter which otherwise would 
have been wasted, 

Finally, as numerous minute animals are captured 
by this plant in ita native country and when culti- 
vated, there can be no doubt that the bladders, though 
ao small, are far from b(?ing in a rudimentary con- 
dition ; on the contrary, they are highly efficient 
traps. Nor can there be any doubt that matter is 
absorbed from the decayed prey by the quadrifid and 
bifid processes, and that protoplasm is thus generate 
What tempts animals ui such diverse kinds t 
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the cavity beneath the bowed aoteimiK, atid then force 
their way through the little slit-like orifice between 
the valve and collar into the bladders filled with 
water, I cannot conjecture. 

Tubers, — These organs, one of which is represented 
in a previous figure (fig. 26) of the natural size, 
deserve a few remarks. Twenty were found on tiie 
rhizomes of a single plant, but they cannot be strictly 
counted ; for, besides the twenty, there were all ptw- 
sible gradations between a short length of a rhizome 
just perceptibly swollen and one so much swollen that 
it might be doubtfully called a tuber. AVheu well 
developed, they are oval and symmetrical, more so 
than appears in the figure. The largest which I 

' was 1 inch (25'4 mm.) Id length and '45 inch 
(11'43 mm.) in breadth. They commonly lie near 
the surface, but some are buried at the depth of 
2 inches. The buried ones are dirty white, but those 
partly exposed to the light become greenish from the 
development, of chlorophyll in their superficial cells. 
They terminate in a rhizome, but this sometimes 
decays and drops off. They do not contain any air, 
and they sink in water; their surfaces are covered 
with the usual papillse. The bundle of vessels which 
runs up each rhizome, as soon as it enters the tuber, 

arates into three distinct bundles, which reunite 
at the opposite end. A rather thick slice of a tuber is 
almost as transparent as glass, aud is seen to consist 
of large angular cells, full of water and not containing 
starch or any other solid matter. Some slices were 
left in alcohol for several days, but only a few 
extremely minute granules of matter were precipitated 
on the walls of the cells ; and these were much smaller 
and fewer than those precipitated on the cell-walls of 
the rhizomes aud bladders. We may therefore con- 
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cludo that the tubers do not serve as reservoirs for 
food, but for water diiriiig the dry season to which the 
plant is probably exposed. The many little bladdera 
tilled with water would aid towards the same end. 

To test the correctness of this yicw, a small plaat^ 
growing in light peaty earth in a pot (only 4i by 44fl 
inches outside measure) was copiously watered, an4'] 
then kept without a drop of water m the hothoiue. | 
Two of the upper tubers were beforehand uncovered'l 
and measured, and then loosely covered np again. Inn 
a fortnight's time the earth in the pot appeared e&J 
tremely diy ; but not until the thirty-fifth day wersrl 
the leaves in the least aflfected; they then became F 
slightly reflexed, though still soft and green. Tbiftl 
plant, which bore only ten tubers, would no doublfl 
have resisted the droiight for even a longer tim^T 
had I not previously removed three of the tub< 
and cut off several long rhizomes. \Vhen, on thol 
thirty-fifth day, the earth in the pot was turned oul^d 
it appeared as dry as the dust on a road. All tbo:! 
tubers had their surfaces much wrinkled, instead ctiM 
being smooth and tense. Thpy had all shrunk, but 1 4^ 
cannot say accurately how much ; for as they were afe 1 
tirst symmetrically oval, I measured only their length I 
and thickness ; but they contracted in a transversa j 
line much more in one direction than in another, so a 
to become greatly flattened. One of the two tubers -1 
which had been measured was now three-fourths of 
its original length, and two-thirds of its original thick- 
nfas in the direction in which it had been measured, 
but in another direction only one-third of its former 
thirikuesB. The other tuber was one-fourth shorter, on&> J 
eighth less thick in the direction in which it had bees J 
measured, and only half as thick in another direction, t 

A slice was cut irom one cf these shrivelled taboMH 
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and examined. The celts stiil contained mucli water 
sad no air, but they were more roiuidcd or less aognlai 
than before, and their walls not nearly ao straight ; it 
waa thurefure uleor that the cells hod contracted. The 
tubers, as long as they remain alive, have a strong 
attraction for water ; the shrivelled one, from which a 
slice had hean cut, was left ui water for 22 hrs. 30 m., 
and its surface became as smooth and tense as it 
originally waa. On the other hand, a shrivelled tuber, 
which by some accident had been separated from its 
rhinome, and which appeared dead, did not swell in 
the least, though left for several days in water. 

With many kinds of plants, tubers, bulbs, &c. no 
doubt serve in part as reservoirs for water, but I 
know of no case, besides the present one, of such 
organs having been developed solely for this purpose. 
Prof. Oliver informs me that two or three other specie* 
of Utricnlaria are provided with these appendages; 
and the group containing them has in consequence 
received the name of orchidioides. All the other 
species of Utricularia, as well as of certain closely 
related genera, are either aquatic or marsh plants; 
therefore, on the principle of nearly allied plants 
generally having a similar constitution, a never failing 
supply of water would probably be of great importance 
to our present species. We can thus understand the 
meaning of the development of its tubers, and of their 
number on the same plant, amounting in one instance 
to at least twenty. 

CtRICULAHIA NELUMBIFOLIA, AMETHYSTINA, ORIF- 
FITHII, CXRULEA, OBBICULATA, MCLTICAULI8. 

As I wished to ascerUiin uhetber the bladders on 
the rhizomes of other species of Utricularia, and of the 
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species of certain closely allied genera, had the samel 
essential structure as those of Utrioularia montana, and J 
whether they captured prey, I asked Prof. Oliver to send 
me fragments from the herbarium at Kew. He kindly 
selected some of the most distiuct fonns, having entire 
leaves, and believed to inhabit marshy ground i 
water. My son, Francis Darwin, examined them, andj 
has given me the following observations ; but it J 
should be borne in mind that it is extremely difficult! 
to make out the structure of such minute and delicatej 
objects after they have been dried and pressed. 

Utricularia ndwrnbi/olia (Organ Mountains, Brazil). — - I 
The habitat of this species is remarkable. According I 
to its discoverer, Mr, Gardner.f it is aquatic, but ' 
only to be found growing in the water which collects I 
in the bottom of the leaves of a large Tillandsia, that I 
inhabits abundantly an arid rocky part of the monn-' A 
tain, at an elevation of about 5000 feet above the level i 
of the sea. Besides the ordinary method by seed, it J 
propagates itself by rtmners, which it throws out from J 
the base of the flower-stem ; this runner is alwa^ | 
found directing itself towards the nearest Tillandsia, I 
when it inserts its point into the water and gives I 
origin to a new plant, which in its turn sends out I 
another shoot. In this manner I have seen not lees I 
than six plants united." The bladders resemble thosa I 
of Vtricularia montana in all essential respects, even toj 
the presence of a few minute two-armed glands on the I 
valve. Within one bladder there was the remnant otu 
the abdomen of some larva or crustacean of large sizfir. I 



• Prof. Oliver lina given (' Ptoo. 
Linn. Soo.' vol. iv. p. 1S9) firuree 

of the blutlilort of t«o Sinilli 
Ameiioan vpecii^, nami^ly, L'iri- 
eulorta .'amciionuirH) uiitl peitata; 



bat he does doi appe&r to b 
paid partiouLir iittuiilior '~ '' 
(irgniia. 

t "TravBlj in the Interior rfl 



CuF. XVm. UTBIODLAKIA. AHETHTSTIKA. 



443 



having a brush of long sharp bristles at the apex. 
Other bladders included fragments of articulate ani' 
muls, and many of them contuinod broken pieces of a 
curious organism, the nature of which was not recog- 
nised by anyone to whom it was shown. 

Utricularia amethystina (Guiana). — This species has 
small entire leaves, and is apparently a marsh plant ; 
but it must grow in places where crustaceans esist, 
for there were two small species within one of the 
bladders. The bladders are nearly of the same shape 
as those of Utricularia motUana, and are covered outside 
with the usual papillie ; but they differ remtirkably in 
the auteuniB being reduced to two short points, united 
by ft membrane hollowed out in the middle. This 
membrane is covered with innumerable oblong glands 
supported on long footstalks; most of which aro 
arranged in two rows converging towards the valve. 
tSome, however, are seated on the margins of the mem- 
brane; and the short ventral surface of the bladder, 
between the petiole and valve, is thickly covered with 
glands. Most of the heads had fallen off, and the foot- 
stalks alone remained ; bo that the ventral surface and 
the orifice, when viewed under a weak power, appeared 
as if clothed with fine bristles. The valve is narrow, and 
bears a few almost sessile glands. The collar against 
which the edge shuts is yellowish, and presents the 
usual structure. From the large number of glands on 
the ventral surface and round the orifice, it is probable 
that this species lives in very foul water, from which it 
absorbs matter, as well as from its captured and decay- 
ing prey. 

Utricularia griffiihii (Maluy and Borneo). — The 
bladders are transparent and minute ; one which was 
measured being only ttftt "f an inch ('711 mm.) 
tn diameter. The uiitcnn.-B are of uiodcriitc length, and 
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project straight forward ; they are united for a ehoi 
space at their bases by u merabrune; and they bear i 
moderate number of Iriatlcs or hairs, not simple i 
heretofore, but surmounted by glands. The bladdei 
also differ remarkably from those of the previous speciol 
as within there are no quadrilid, only bifid, pro 
In one bladder there was a minute aquatic Ur7a9 
in another the remains of some articulate a>iiiRaIg 
and in most of them grains of sand. 

Utricularia cferuiea (India). — The bladders 
semble those of the hist species, both in the genei^ 
eharact.er of the antennre and in the proceMes will 
in being exclusively bifid. They contained remnantOj 
of entomostracan crustaceans, 

Utricularia orbiculaia (India), ^The orbicular leavoil 
and the stems bearing the bladders apparently float in 
water. The bladders do not differ much from those ol 
the two last species. The antennie, which are united 
for a short distance at their bases, bear on their ont« J 
surfaces and simimits numerous, long, niulticellulaj 
hairs, surmounted hy glands. The processes withitL| 
the bladders are quadrifid, with the four diverginj^ 
arms of equal length. The prey which they ha^fl 
captured consisted of entomostracan crustaceans. 

Utricularia muUicanlif (Sibkim, India, 7000 
11,000 feet), — The bladders, attached to rhizome! 
are remarkable from the structure of tbe autenni 
These are broad, flattened, and of largo size ; they| 
bear on their margins multicellular hairs, snrmoiinte 
t)y glands. Their bases are united into a singly 
rathiT narrow pedicel, and they thus appear like i 
great digitate expansion at one end of the bladdei 
luteinally the quadrifid processes have divergent am 
of equal length. The bladders contained remnants a 
articulate animals. 
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POLYPOMI'HOLTX. 

This genus, which is confined to Wi'stern Auatniliu, 
is charooterised by having a " iiuadripartite calyx." In 
other respects, us Prof. Oliver remarks," " it is quite a 
Utricularia." 

JPolypomphohjx multifida. — Tbo bladders are attached 
in whorls round the summits of stift' stalks. The two 
antennte are represent<?d by a minute membranous 
fork, the basal part of which forms a sort of hood owr 
the orifite. This hood expands into two wings on each 
side of the bladder. A third wing or crest appears to 
be formed by tlie extension of the dorsal surface of the 
petiole; but the structure of these three wings could not 
be clearly made out, owing to the state of the speci- 
mens. The inner surface of the hood is lined with 
long simple hairs, containing aggregated matt<?r, like 
that within the quadrifid proc^cases of the previously 
described species when in contact with decayed ani- 
mals. These hairs appear therefore to serve as absor- 
bents. A valve was seen, but its structure could not 
be determined. On the collar round the valve there 
are in the place of glands numerous one-celled papille, 
having very short footstalks. The quadrifid processes 
have divergent arms of equal length. Kemaina of 
entomostracan crustaceans were found within tlie 
bladders. 

Fdypoviphnlyx teteffi.^The bladders are smaller 
than thitse of the last species, but have the same 
general structure. They were full of debris, apparently 
organic, but no remains of articulate auinials could 
be distinguished. 



' Pioo. LiDB. Boo.' vol. iv. p. 171. 



I 



GENLISEA OBNATA. 



Genlisea. 



L 



This remarkable genus is technically distiaguisbed 
from Utricularia, as I hear from Prof. Oliver, by 
having a five-partite calyx. Species are found in 
several parts of the world, and are said to be " heri 
annus paludosie." 

Oenlisea omaia (Brazil). — This species has 
described and figured by Dr. Warming,' who stal 
that it bears two kinds of leaves, called by hi 
spathnlate and ntricnliferous. The latter iQclm' 
cavities ; and aa these differ much from the bladders 
the foregoing species, it will be convenient to speak 
them aa utricles. The accompanying figure (fig. 
of one of the utriculiferous leaves, about thrice 
largerl, will illustrate the following description by mi 
son, which agrees in all essential points with thi 
given by Dr. Warming. The utricle (6) is form* 
by a alight enlargement of the narrow blade of 
leaf. A hollow neck (»), no less than fifteen timi 
as long as the utricle itself, forms a passage from 
transverse slit-like orifice (o) into the cavity of 
utrieie. A utricle which measured ■^- of an ii 
(■705 mm.) in its longer diameter had a neck 
(10-583 ram.) in length, and -pLj. of an inch ("254 mi 
in breadth. On each side of the orifice there is a loi 
spiral arm or tube (a) ; the structure of which will 
beat understood by the following illustration. Taks 
narrow ribbon and wind it spirally round a tfa,i 
cylinder, so that the edges come into contact along S 
*vhole length ; then piuch up the two edges so 
form a little crest, which will of course wind spiral 

• "Bidriig til KumlBldibon om LentibiilafiHt^a;," Copenhngen, 18741 
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round the cylinder like a thread round a screw. If the H 


cylinder is now removed, we shall have a tube like one ^M 


of tiie spiral arms. The two prujecting edges are nut ^H 


actually united, and a nci'dle ^^^ 


can lie pushed in easily be- ^ // ^^| 


tween them. They are in- \ ff ^^M 


deed in many places a little \ "^ / ^^M 
■eparated, forming narrow \^ ^J^ ^| 


entrances into the tube; u^ iT ^H 


but this may be the result ^ jff ^^M 


of the drying oi the speci- W^ ' ^| 


- mens. The lamina of which 


■ 


the tube is funned seems 


■ 


to be a lateral prolongation 


1 


of the Up of the orifice; 


■ 


and the spiral line between 


■ 


the two projecting edges is 


■ 


continuous with the comer 




of the orifice. If a fine 


1 


bristle is pushed down one 


■ 


of the arms, it passes into 


— ' ■ 


the top of the hollow neck. 


■ 


Whether the arms are open 


■ 


or closed at their extre- 


■ 


mities could not bo deter- '''"■ "■ ^H 


mined, as all the specimens uirkuufcra"'!^.*^°l^iiLi .boot ^H 


were broken; nor does it ii..M<im™, ^H 


appear that Dr. Warming [ SlKI^Tbl^iC!"" ""*^ m 


ascertained this point. " Sm^"^ '"''""°" 


80 ranch for the external " '''^;;:!;-lX:lr"' "'" """ 


structure. luternally the 


, lower part of the utricle is covered with spherical 


papilliP, formed of four cells (sometimes eight accord- 


ing to Dr. Warming), which evidently answer to the 


'"■""-■"■■""■"-'" 1 


A 
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Ttfse papUlce extend a littlo way up the dorsal « 
ventral surfaces of the utricle ; and a few, according ti 
Warming, may be found in the upper pai-t. Tli" 
upper region is covered by many transverse rows, oni 
above the other, of short., closely approximate liaitd 
[Kiinting downwards. These hairs have broad 1 

and their tips ore formed 
by a separate cell. Thq 
are absent in the lower parti 
of the utricle nhere the pof 
pillfe abound. The neck 
is likewise lined throughout 
it-s whole length with trani 
Terse rows of long, thin,! 
transparent hairs, havioj 

fWili'^'M'Xm\ * ^^°'^^ bulbous (fig. 30) b 
'Vi '■ MH 'i n H *^*'^ similarly construete 
' ' iharp points. They arisi 

from little projecting ridgi 
formed of rectangular 
dermic cells. The baitl 
vary a little in lengl 
but their points generalhi 
extend down to the 
next below ; so that if t 
neck is split open and laid 
flat, the inner si ' 
aenibles a pajier of pin 
the hairs representing thi 
pins, and the little trans^'On 
ridges representing the foI<fi 
of pafier through which thSj] 
pins are thrust. These rows of hairs are indicatedj 
in the previous figure (211) by numerous transrei 
lines crossing the neck. The inside uf the neck 
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also atudflod with papilltc ; tboae in the lower part arc 
spherical and formed uf four cells, as in the lower part 
of the Htrick ; those in the upper part arc foriijed of 
two cells, which arc much elongated dowuwanls benPtith 
their points of attat-hnieut. 'I'hoae two-colled papiilai 
ap{Nirently corrusjKinii with llie bifid process in the 
upper port of the bladders of Utriculariu. Tho narrow 
transverse orifice (o, fig. 2i)) is situated between tho 
liasea of the two spiral amis. No valve could l)e 
detected here, uor was any such structure seen by 
Dr. Wanning. The lips of the orifice are armeil with 
many short, thick, sharply pointed, 3i>mewhat incurved 
hairs or teeth. 

The two projecting edges of the spirally wound 

lamina, forming the arms, are provided with short 

I incurved hairs or teoth, exactly like those on tiie 

I lips. These project inwards at right angles to the 

r spiral line of junction between the two edges. The 

inner surface of the lamina supports two-celled, elon- 

I gat«d papilla?, resembling those in the upper part of 

the neck, but differing slightly from them, according 

to Warming, in their footstalks being formed by 

prolongations of large epidermic cells ; whereas the 

papilliD within the neck rest on small colls sunk 

amidst the larger ones. These spiral arms form a 

conspicuous difference between the present genua 

; and TJtricularia. 

I,astly, there is a bundle of spiral vessels which, 
running up the lower part of the linear leaf, divide? 
elose beneath the utricle. One branch extends up the 
dorsal and the other up the ventral side of both tho 
stride and neck. Of these two branches, one enters 
one spiral arm, and the other branch tho other anu. 

The utricles contained much debris or dirty matter, 
which seemed organic, though no distinct organisms 
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could be rticogniaed. It is, indeed, scarcely j 
that any object could enter the small orifice and j 
down the long narrow neck, except a living creatui 
Within the necks, however, of some specimens, a ' 
with retracted liorny jaws, the abdomen of 
articulate animal, and specks of dirt, probably I 
remnants of other minute creatures, wen 
Many of the papillas within both the utricles ( 
necks were discoloured, as if they had absorl>ed r 

From this description it is sufficit-ntly obvious h 
Qenlisea secures its prey. Small animals enteri 
the narrow orifice — but what induces them tt 
not known any more than in the case of Utriculari*- 
would find their egress rendered difficult by the 8 
incurved hairs on the lips, and as soon as ihey pas 
some way down the neck, it would be scarcely p 
for them to return, owing to the many transverse r 
of long, straight, downward pointing hairs, 1 
with the ridges from which these project. Such c 
turea would, therefore, perish either within the i 
or utricle ; and the quadrifid and bifid papiUte a 
absorb matter from their decayed remains. 
transverse rows of hairs are so numerous that t 
seem superfluous merely for the sake of preventii] 
the escape of prey, and as they are thin and dellcatq 
they probably serve as additional absorbents, in ) 
same manner as the flexible bristles on the i 
margins of the leaves of Aldrovanda. The spiral a 
no doubt act as accessory tra[>a. Until fresh 1 
are examined, it cannot be told whether the lini 
junction of the spirally wound lamina is a little c 
along il« whole cflurse, or only in parts, but a a 
creature which forced its way into the tube at i 
point, would be preveutt-d from escaping by 
incurved hiiire, and would find an open path doW 
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the tttbe into the aeck, and ao into the utricle. If the 
creature [>erishi>i:l within the spiral arms, its di^caying 
remains would bo absorbed and utilised by the bifid 
papilla). We thus sen that animals are (captured liy 
(jenlist-a, not by means of au elastic valve, as with 
the foregoing Bpecies, but by a contrivance resembling 
an eel-trap, though more complex. 

Oenlisea africana. (South Africa). — Fragments of the 
utriculiferous leaves of this species exhibited thfl 
same structure as those of Genliaea omata. A nearly 
perfect Acarua was found within the utiielo or nc-t-k 
of one leaf, but in which of the two was not reconled, 

Oenlisea aurea (Brazil). — A fragment of the neck 
of a utricle was lined with transverse rows of hairs, 
and was furnished with elongated papillae, exactly 
like those within the neck of Genliaea omata. It is 
probable, therefore, that the whole utricle is similarly 
constructed. 

Genlisea Jili/orniis (Bohia, Brazil). — Many leaves 
were examined and none were found provided with 
utricles, whereas such leaves were found without diffi- 
culty in the three previous species. On the other 
liand, the rhizomes bear bladders resembling in essen- 
tial character those on the rhizomes of Utricuiaria. 
These bladders are transparent, and very small, viz. 
oily TTTs "f *" iiicli ("254 mm.) in length. The 

Iantennte are not united at their bases, and apparently 
bear some long hairs. On the outside of the bladders 
there are only a few papillie, and internally very few 
quadrifid processes. These latter, however, are of un- 
usually large size, relatively to the bladder, with the 
four divergent anus of equal length. No prey could 
be seen within these minute bladders. As the rhizomes 
of this species were furnished with bladders, those of 
QeiiUaea africana, omata, and aurea were carefully 
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examined, but none could be found. What ore we % 
infer from these facts? Did the three species jtu 
named, like their clgse allies, the several species ( _ 
Utricularia, aborigiually possess bladders on their 
rhizomes, which they afterwards lost, acquiring in 
their place utrieuliferous leaves ? In support of this 
view it may be urged that the blaiidera of Genlisea 
filifomiis ai)pcar from their small size and from the 
fcHTiess of their quadrilid processes to be tending 
towards abortion ; but why has not this species 
acquired utriculiferoua leaves, like its congeners ? 

CoNcmsiON. — It has now been shown that many 
species of Utricularia aud of two closely allied genera, 
inhabiting the most distant parts of the world — 
Europe, Afriea, India, the Alalay Archipelago, Austr 
lia, North and South America — are admirably adapts 
for capturing by two methods small aqiiatic or terr 
trial animals, and that they absorb tlie products i 
their decay. 

Ordinary plants of the higher classes procnre I 
requisite inorganic elements from the soil by met 
of their roots, and absorb carbonic acid from ' 
atmosphere by means of their leaves and stei 
But we have seen in a pre^-ious part of this worlS 
that there is a class of plants whjeh digest an^l 
afterwards absorb animal matter, namely, all 
Droseracete, Pinguicula, and, as discoyered by DrJ 
Hooker, Nepenthes, and to this class other special 
will almost certainly soon be added. These plants 
can dissolve matter out of certain vegetable i 
stances, such aa pollen, seeds, and bits of leaves. Kj 
doubt their glands likewise absorb the salts of i 
monitt brought to thera by the rain. It has also h 
shown that some other plants can absorb ammonia I 
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their glandular hairs; and these will profit by that 
broiiglit to them liy the rain. There is a seuoiid class 
of pLints which, as we have just seen, cannot digest, 
but absorb the prudiicts of tbe decay of the animaU 
which they capture, mumjfy, Utriciilaria and its close 
allies; and from the excellent observations of Dr. 
IHellichamp and llr. Canby, there can scarcely be a 
doubt that Sarracenia and Darlinptouia may be added 
to this class, though the fact cau hanlly be considered 
as yet fully prored. There is a third class of plants 
which feed, as is now generally admitted, on the 
products of the decay of vegetable matter, such as 
the bird's-nest orehis (Neottia), &c. Lastly, there is 
the well-known fourth class of parasites (such as the 
mistletoe), which are nourished by the juices of 
living plants. Most, however, of the plants belonging 
to these four classes obtain part of their carbon, Uko 
ordinary species, fn^m the atmosphere. Such are tbe 

I diversified means, as far as at present known, by which 

r higher plants gain tbeir subsistence. 
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THE SAME SPECIES. With llluetratioDS. i2mo. Cloth, 
%1.60. 

THE POWER OF MOVEMENT IN PLANTS. Kj Charleh 

D«iiwtH, LL. D., F. K. S., sssiErted by Fbaji(.is Dinwin. With 
IllualrKlioaB. 12nio. Cloth, (2.00. 

THE FORMATION OF VEGETABLE MOULD THROUCD 
THE ACTION OF WORMS. With Observatiuns od their 
Hktnta. With lilustra^ona. Mtno. Cloth, (1.50. 
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SIR JOHN LUBBOCK'S (Bart.) WORKS. 
ANTS. BEUS, AKD WASPS. A Record of Ob^crraiioDs on Um 
□ablts uf tbc Social llytnG[io|)tera. IntcmiLtiaaal ScieDtiflc Series. 
With Colored Plutes. ISnio. t'loih, |a.0O. 
" Elolomon. who nsod to B1I the Faiictiaii oT the wisest man, iceorftng 
■ " mi, wlvlsed the slnp^rd to go lo the anl. Hark Twali 
and found Dolhlng but ilKiuailxInhUiicttoni. tilrJatai 
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little LHOclr — ■-■- ' 
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Erlni food, feedlne the foang. tending their domestic sni mail- 

llB<£i1teB Induatriauelr and wlthonl oonfnalon— It in dlfflcDll allogetber 
them a gift of nasoo.' "—FkUaiUllMa Prai. 

"AltOEeUwr tbe book laaelnlerMttngiu li l« valoable ; and the lodd 
pUcitj oflu eljle. nnencumborul by any nnnecowaij tcchnkaJltJt ' 
make U a popular fararlla."— 81. Jaitei't OaicU^ 

"TheH ■tndlea, when handled byioch a muter u Sir John Lnbbock, rlM 
farahnvetbeatdlBirrdrTtrealmeM nr each loplCB. The work toaneDott mada 
lo diacoTor what are the general, not the special, laws which pneni commnnitlea 
of IntecU cumposed of Inhaliitanle ax nuuieruni a* thuse who llvu iu London wd 
Pekin, and wbo labor together in the nlmost harmony [or the common good. 

ON THE SENSES, INSTINCTS, AND INTELLIGKNCE 

OF ANIMALS, WITH SPECIAL REFERENCE TO INSECTSl 

Interuatiounl ScieatiQc Series. With oyer liJO IUui<tratians. ISmo. 

Cloth, 81.76, 
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SEEDLINGS. With SS4 [11ustr»tioa«. 2 TOla., 8n. Cloth, flO.OO. 

"SnctcMlve Kpncralloii* at bntanl^le will hare cauio to be thankful to tb* 
author tor ihla mo*t nubsiuitjal ■conitlhnilon to onr knowledKe.' Not only will 
It Bene m a Blandard book of n^fen-nue, but II Hill In all probahllUy nilinalsta 
oLbera to go and do likewlee, according to the meaaore of their pottena ukd oppu^ 
timltlea,"— Zondoii AtAirurim. 

" Sir John Labbock baa already diacuaacd thevarlDus forau of leaieaand tbe ' 
caoaea to which the endleaa difference ihey pn»cnt can be oKrlbed ; and In llM 
two Htout TalnmeR now Iwfnre ui lui baa colleeted the reanlta of hla compttiMOtivs 

iTOugta many yeare upoa the forma of eotyledona v I 
i.>>i— _ Dm..!., -u.jh, atrangely enough, baa never allracled the ipoolal 
in of botanlau, although Che tact la well known that ihey differ. afle> ' 
RioarkaUy, fmrn later leaven of the aame plant. . . . The yonng plant of cMta. 
' a ia llluairated by u capital outline drawing from material fnmlihed. for ttia 
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With 35 mualtiilioiis. Vlmn. Cloth, $1.60. 

HEAT AS A fflODB OF HOTION. New edition. ISmo. 

Cloth, #2.50. 
ON SOUND : A Co'irae of Eigbt Lecttiret deliTered at the Hojil 
Institutian of Great Britun. IlluBtratcd. ISmo. New editioii. 
Cloth, 82.00. 
FRAGMENTS OF SCIENCE FOR UNSCIENTIFIC PEO. 

PLE. 12ioo. New revised and enlni^ed edilioD. Qoth, I8.S0. 
LIGHT AND ELECTRICITY. 12mo. Cloth, (1.25. 
LESSONS IN ELECTRICITY, 187B-'7a. 12mo. Cloth, |1.00. 
HOURS OP EXERCISE IN THE ALPS. With lUuatntloua. 

12nio. aolh, $2.00. 
FARADAY AS A DISCOVERER. A Memoir. 12nia. Goth, 
$1.00. 
V CONTRIBUTIONS TO MOLECULAR PHYSICS ia Cbs Do 

H mniii of Radiant Heal. $5.00. 

H SIX LECTURES ON LIGHT. Delivered in America In 187^- 

^1 'Ti. With &ti Appendix and Dumerous Dliutratioiu. Clotb, |l.BO. 
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ADDRESS di^livered hefore the British Aesodation, uiembled at Bet- 

wilh Additions. 12tD0. Paper, 60 cents. 
BB8EARCHBS ON DIAMAGNETISM AND MAGNE* 
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Fuliirity. With Too Flatea. lamo. Cloth, $1.60. 
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COLLECTED E8SAVS. New coinplete eiiition, with r 

tbc EiMiyR being ^uped accniding lo general subject. In nine 
1 ni-w liiiroduciion urcompanying eacb Tolums. lUioo. 
Clolh, fl,-2npert(.liimc. 

Tal, I. Method tiod Re^alti. 
" 2. DnnrinianB. 
** 3. Scienco and Edncation. 
" 4. ScieDce nnd Hebrew Tradition. 
" 5. Science and Christian Traditiai 

<t. Hume. Wini DcLpa to the Sri-Dr or Brreclxt. ' 

7. .Ifan'ti Place in Nature. 

8, Dltcunrwa, Biologicsl and Geoiogical. 
0. BTolotion and Ethic*, and Othei Eiiwiv*. 

" Mr. nuiley bu mvprpd > tut Tuletv or tonloi dnrlne the Uut qnutrr of ■ 

■nd nolF the rmmrnK Imlinry wfalcta lu.' bu viplnred. To xvtA (bene bnoka p«rv. 
fnOl md stnilioib'ljr !■ in Iwcomo tburouEbtj acquainled with the moal idvinccd 
tbodi^l on \ J»rge numbw of loiilca."— Au' York Htrald. 

" The Hrka will be ■ welcome one. Then an few wrlUngs on Ibc moHlbglmKI 
fmbteatt of ■clence more adapud lo n«illu)i by tbn fRnarsI public, uid in (bit 
fmi Uw boolnirlll be well in the teach of the InveeBautor, . . . Tbe rtvbloni 
an iho list eipectcd to be madn b; tbo nnlhor, uid hi« bilralDctlnna arii none at 
nrlter date tbsn s tew ■nonlh* ago [IMXi], tn tntf maj be conBldered hie flaai and 
aii)nantbiiriuUvcuItenuiciw."~C'Ai(9iffu Tiiiu*. 

THE CRAYFISH! AN INTRODUCTION TO THE STUDY OF 
ZOOLOGY. With 83 IHnBtratlons. ISmo. Cloth, $1.7S. 

MANUAL or THE ANATOMY OP VERTEBRATED 
ANIMALS, llliutrntcd. 12rao. Cloth, (S-GO. 



PUYSIOtiRAPUTl AN INTRODUCTION TO TOE STUDY OF 
NATURE, With Illuatrationa and Colored Plates. l'.inio. Cloth, 
I2.B0. 
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for the People. A Sketch of his Life, with Selecliona froin t 
Fublubed Writings, and Extracts from bU Conespoodeuce wid 
Spencer, Huxley, Tyndall, and othen. By John Fiske. Wid 
Two Portraits. lamo. Cloth, j 






" It wu einincally prapet thai [be biueiapby of Mr. Youinaiii ihould be writ) 
ind cenainly there could doe have been choKb a filler huD tiiaa Ur. l^kfl to in~. 

Cuuniance dadn^ back thirty yean it ittelf a qualification, aod ivhea to ifl 
Lr Fiskc'iL ability and Ihemcid methud which chnnctcnicft bii work, ifi 
--= " —csa«."—P»aiar//Hu,iBMl.'llm. 
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auAC of popular taence hu m worthy a ^ 



<^hii life; and Mr. Fisltc ha.^ v . 

and itittn^. To it nre appended fOPM _ . 



a filling plate b 

" Edward lJvine>iDn Vouraani wai ■ remarkable character, and ibe vorld a 
ill afford to lack a history of his life. FoituwueW the Seat biogtaph=- 
undf Ftaken ia write that nislofy, and all ihoLighdul readoi may refoicc 

John Fiske came to this task well fitted tn every way by his iDlimat* pcrso _,^^ 

ajiee with Mr. VoumaDi, extending thntq^h piany yewi." — CJacagB Inltt'Oetmit. ~\ 

" Prof John Fiske hat performed a labor of lore lor the friend irhc 
fiicudly hut not unwholcsomely laudatofy biography," — BosIok Co^ 
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